





JULY eS? 





Electrical Power 






Estimates Revised 






Electric-power consumption continues to out-run 
predictions. At the Third Future Power Market 
Forum held by Westinghouse in February, 1954, 
ten-year forecasts were made for kilowatthour 
ALUMINUM consumption in the United States. These esti- 
| Hil | mates were made after long and careful studies. 
) Yet power consumption is already ahead of 


schedule. As a result, the forecasts have been 












revised, and new estimates made for 1963. 
Of particular interest are the figures for indus- 
trial power use. A comparison of the 1953 figures 


with the original and the revised 1963 estimates 
Hl {AMAR is shown at left for several basic industries. All 
told, the industrial power estimate for 1963 has 


been upped to 450 billion kwhrs—an increase of 
50 billion kwhrs over the estimate made but three 
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The residential use estimate likewise has been 
nally predicted for 1963. The revised figure for 


1963 is 271 billion kwhrs—or an increase of about 
15 percent over the original estimate. 






aaLea An often-quoted statement is that the use of 






AND electric power is doubling every ten years. In the 


eleven postwar years, however, power use has been 
NATURAL GAS ’ “eke 
doubling every seven years. A good question 1s: 


Will capacity soon be doubling every five years? 





Regardless of the time span, increases in power 






use mean expenditure of a tremendous effort on 
the part of the electrical industry. Sizable tech- 







PEXTILE Sag 
nological improvement must accompany this in- 


Hil Hl i crease in power consumption. Any such increase in 
output, regardless of the industry, is a far more 


complicated task than merely scaling up existing 





facilities and equipment. 


ee 1953 — Consumption 


1963 — Revised Estimate 


1963 — Original Estimate 
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lvent of all the developments popularly called 
are coming again into wide use be- 
herent characteristics. The speed of d-c motors 
| an infinite number of steps, and they are 
speed matching between a number of motors 
t controlled acceleration, deceleration, speed changes, 
in be made with d-c drives. Their torque can 
ed, and they are readily applicable for electric 
rthermore, they are ideally suited to control by 
it are fundamental to programmed and feed- 
\ new series of d-c motors and generators, 
intended to answer these needs of 
itions 
View of commutator end of new motor nherent charac teristic s are responsible for the 
f d-c motors, modern applications pose new 


of 
performance and dependability. Good perform- 
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~y Wi 1 minimum of maintenance and trouble over a long 
) j ‘ ° 
rvi have always been significant requirements of elec- 
F. &. SPINDLER ) Res ; 
" tric driv But performance and dependability are becoming 
aaa \ ore important. Many automatic systems place new or 
performance requirements on electric drives. 
t be matched more closely than ever. Faster re- 
peed changes must be made. Automatic control 
ition must be extremely close. In addition to the 
e requirements, the drives must be more depend- 
ever because with many operations integrated for 
production, one motor failure can mean complete 
production rather than minor schedule adjust 


ntenance ¢ kpense 


a's 




















A few years ago the National Electrical Manufacturers 
Association, recognizing the current role of d-c drives, wrote 
new suggested standards for d-c motors and generators in the 
integral horsepower range—that is, 1 to 200 hp and 34 to 
170 kw. These standards, of course, only provided a general 
framework for new designs. 

The most significant change was the suggestion that Class 
B ratings be adopted—60 degrees C rise for open machines. 
This enables lower armature inertias for the faster response 
essential to modern d-c applications. A standard frame num- 
bering system and standard frame diameters essentially iden- 
tical to that adopted for a-c motors was also set up. Generator 
ratings were revised to more closely match individual d- 
motor power requirements and standard a-c drive motor out- 
puts, to reduce the idle capacity that existed in previous m-g 
sets when used to power single motors. 

The standard speeds and voltages and the weak field ratings 
were reorganized and revised to better align with the major 
application of d-c—that is, adjustable voltage. Finally drip- 
proof construction was specified as the minimum enclosure. 

In contrast to a-c, the d-c standards do not specify exact 
frame sizes to be used nor do they assign the standard ratings 
to specific frames. Only the frame diameters and the frame 
numbering system with related dimensions are specified. 


INSULATION OF THE NEW MOTORS 


As mentioned, maximum dependability is a cardinal re- 
quirement. Insulation is a key factor in electrical machine 
dependability. Therefore, a silicone insulation system is used 
on the new machines. However, they are built and rated to 
meet the new NEMA temperature standards—only 60 degrees 
C rise for dripproof enclosures. The new machines thus com- 
bine high-temperature silicone insulation with the full comple- 
ment of iron and copper required by low-temperature stand- 
ards. The general meaning of this combination is obvious. 
More specifically, many tests with hundreds of ‘‘motorettes”’ 
and actual motors in the laboratories show that this new d-« 
insulation system will last at least 10 times as long as ordinary 
Class B insulation under any temperature conditions. 

This is important to the motor user for three reasons. First, 
insulation is essentially eliminated as a limiting factor on 
motor life under normal operating conditions. Secondly, even 
with heavy emergency overloads or abnormal ambient tem- 
peratures, the silicone-insulated machines will go right on 
working in many cases where ordinary Class B insulation 
would fail immediately or show extremely shortened life. 
Finally, these machines will be able to safely handle many 
tough duty cycles where high current peaks would make an 
ordinary Class B motor unsatisfactory even though the rms 
average current is within the rating 

Silicone treatment is used throughout. The complete arma 
tures are given multiple dips and completed field coils are 
vacuum-impregnated. Both are baked at 200 degrees C for 
full curing. This assures thermal stability even at extra-high 
temperatures. The resulting masses of copper, iron, and insu 
lation are highly resistant to temperature, and also to liquids 
vapors, and dirt. The silicone treatment is complemented by 
the use of molded and woven fiberglass, sheets of large natural 
mica flakes, asbestos, modified silicone wire enamel, silicone 
rubber, and other high-temperature materials for a balanced 
combination of thermal, mechanical, and dielectric properties. 

This silicone insulation system used in machines that are 
built, rated, and guaranteed to meet low-temperature Class 
B standards is undoubtedly a tremendous step toward the 
ultimate dependability of d-c machines. 
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Standard Specifications 


motors generators 
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Ratings % to 150 hp % to 100 kw 
Speeds 300 to 3500 base rpm 850 to 3450 rpm 
Voltages Y to10 hp—120 and = 125 and 250 

240 volts volts 

15 to 150 hp-— 240 volts 
Maximum 60 degrees C rise 60 degrees C rise 
Temperature continuous duty continuous duty 
Windings Shunt—compound Shunt 

series compound 

Frames 186A to 505A and 186A to 505A and 

324AS to 505AS 324AS to 505AS 

(short shaft) (short shaft) 
Enclosure Drip-proof Drip-proof 


200 percent 
inrush 


Starting or 
Inrush Current 


Up to 500 percent 
starting 


One Minute 
Current 


200 percent 
throughout 


200 percent through- 
out speed range 
voltage range 
Voltage range, 
self excited 

80 to 110 percent, 
separately 
excited residual 


Speed or 
Voltage 
Range 

Field Control 


Up to 4:1 speed 
range depending 


on rating 


to 110 percent 
Unlimited low 
speed rating 


Speed Range 
Armature 


Control depends on 
duty cycle 
Mounting Foot mounted, Foot mounted, 


any position any position 








Exploded view of new motor 


VENTILATION 


Ventilation of electric motor i considerable beat r Ori 
their dependability Phe dr pp i machine, whose ele 
parts are ventilated direct 
new motors designed 

While ventilated mac 
pendability problem 
d 


lue to lowe! 


engineering choice 


inertia. Several features of the new d-c machines solve 1 


of the traditional venti 
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Not to be overlooked is the silicone insulation, which, in 
addition to high-temperature capacities, has exceptional re 
sistance to deterioration by moisture and dirt. Since such 
deterioration is the reason for some objection to ventilated 
machines, the new insulation provides a significant part of the 
answer to traditional ventilating problems 

A fan on the motor shaft is essential to low armature inertia 
for fast machine response. However, the higher air flow re 
ulting from fans can cause contamination problems inside 
electric machines. Therefore, the new machines include some 
unusual precautions. Probably the best way to explain the 
unusual is to first consider the ordinary. The obvious and 
east expensive way to incorporate a lan ina d-c machine is 
imply to use a centrifugal type on the shaft end. The fan 
throws air off its tips into the bracket and out of the machine 
Air is drawn in at the commutator end and flows toward the 
haft end. However, this creates some prablems External dirt 
and conducting particles may be thrown directly against the 
commutator and affect commutation. Also, the conducting 
dust created at the commutator by brush wear is drawn into 
the windings. In addition to these problems, this arrangement 
does not provide any control of air flow to furnish cooling 
where it is needed, Also, the total flow is less than it might be 
particularly through the armature; with an inherently re 
tricted opening under the commutator, the ventilating fan 
must pull air against the natural fans in the armature to cool 
this part internally 

In view of these problem careful laboratory studies of 
cooling requirements and the fluid mechanics of air in eleé 
trical machines were made As a result a new controlled 
ventilation system was developed. This system cleans machine 
parts instead of contaminating them, positively distributes 
air for best cooling advantage, and moves more air than other 
ventilation scheme 

rhe large aluminum fan (ig. 1), in conjunction with an 
air shield and a specially designed diffuser, forces air into the 
machine from the drive end. This fact provides the first ad 
vantage of controlled ventilation. With air flowing toward 
the commutator end, conducting brush dust from the com 
mutator goes directly out of the machine rather than into the 
windings. Also any external material drawn into the machine 
does not strike the commutator directly 

Next, note that the diffuser has separate ducts leading to 
the armature and fields. These positively divide the air for best 
cooling advantage —most to the armature where it is needed 
less to the fields Air distribution is not left to chance. Finally, 
with flow toward the commutator end and with positive air 
distribution, the natural fans in the armature add to the flow 
instead of bucking or preventing it. Real use is made of the 


armature core ducts and coil ends for cooling where it can do 


the most good 
Ihe controlled ventilation scheme used in the new Life 


Line H machines is also more quiet than systems in which the 


i 
centrifugal fan discharges directly out of the machine. The 
discharge of the controlled ventilation fan into the windings 


provides muffling action 
PROTECTION 


lo supplement the dependability of insulation and vent! 
lation systems used on the Life-Line H motors and genera 
tors, advanced external protective measures have been taken 
There are no uncovered side or sloped openings in these ma 
chines. All commutator access openings have positive sealing 
gasketed covers. The single ventilation opening in each bracket 


faces down This arrangement not only exe ludes dripping and 


100 





running liquids, as required for dripproof enclosures, but 


should also eliminate the need for splashproof machines in 
many applications 

The brackets can be rotated to maintain the same degree 
of protection or obtain the desired location of vent openings 
regardless of mounting floor, wall or ceiling. The ventilation 
openings have rectangular flanges well adapted to the connec- 
tion of ducts. These features not only simplify separate forced 
ventilation systems but suggest the possibility of using simple 
vent pipes to take air from nearby shop spaces that do not 
have undesirable material in the air. 

Proper personnel protection is also provided. The air shield 
in the drive-end bracket not only directs air and provides 
additional protection for the windings, but also guards per- 
sonnel from the fan. Similarly, the enclosed housing, particu- 
larly in the commutator area, is a safety feature. The Class 
3 temperatures do not result in an extremely hot, and there 
fore dangerous, motor. With the ventilation system used on 
these machines, the temperature to the touch is little different 


than the previous Class A, 40 degrees C rise designs. 
IMPROVED PERFORMANCE 


Several major new features in the Life-Line H series im- 
prove performance considerably. First is the improved dy- 
namic response of these machines. Fast response of electric- 
motor drives means not only faster processing for more output 
but also more accurate regulation to improve quality and 
eliminate process interruptions. The calculated acceleration 
curves in Fig. 2 show the improvement made in the new motor. 
Phey are based on 50-hp motors driving a load that demands 
rated motor torque to overcome resistance or friction at all 
times. They assume instantaneous build up of motor torque 
at zero time. The more than three-to-one improvement in re- 
sponse of the new motor is a result of two factors—lower 
inertia and higher commutating ability. 

The new NEMA standards of Class B temperature, to- 
gether with the longer frames that have been adopted, make 
lower armature inertia possible—about 30 percent lower with 
ordinary designs. However, a greater reduction—up to 55 
percent lower armature inertia—has been made in the Life 
Line H design because of the controlled ventilation system 
With more effective armature cooling, a smaller armature is 
possible without any higher temperatures or sacrifice in ca- 
pacity or perlormance 

lo further improve response, commutating ability has been 
increased. This is reflected by the fact that the new motors 
and generators specify 200 percent one-minute current 
throughout the speed and voltage range respec tively, as com 
pared to 150 percent in previous machines. The comparative 
curves of Fig. 2 are based on these accelerating currents re 
pectively. The improvement results from design and manu- 
facturing refinements in a number of areas—brush rigging, 
commutator, armature, and commutating poles. The new Uni 
force brushholder has several unique features. It maintains 
nsion with brush wear, yet can be set for different 


constant t 
tensions to meet special operating conditions. Double brushes 
with individual pressure fingers assure continuous contact 
Cast and broached construction, weight balance on the sup 
port rod and radial position of brushes minimize vibration 
and assure best commutation, regardless of the direction of 
motor rotation 

Other new performance features also make considerable 
contributions to the suitability of this new line for high-speed 
automatic systems. On shunt motors and generators—those 
most frequently used in automatic systems large air gaps, 
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oversize field coils, and special pole faces are used to give the 
near linear regulation that means better performance in auto- 


matic systems with less control complication. The new and comparative acceleration curves 
old motor regulation curves of one 1750-rpm rating at full 
voltage and field are compared in Fig. 3. Not only is the curve 100 


of the new motor more linear but also the regulation is con 

siderably less. Corresponding improvement is achieved with 

weakened field and reduced voltage. 75 
The new shunt motors attain these stable regulation char 

acteristics without the use of series windings in ratings up to 

60 hp. This elimination of stabilizing series windings makes 50 

possible a reduction in control apparatus required for revers 


ing the motor 
MAINTENANCE AND INSULATION 25 


The basic features of the motor that assure high depend 
ability have been supplemented by many items to further re 
duce and simplify maintenance. For example, brushholders 0 
are placed for maximum access through extra large hand holes 
Pressure arms on the brushholders lock out with a flick of the SECONDS 
finger, clear of the brush but in a positive position. With this 


arrangement brush changing and inspection can be done with 
Fig. 2-—Comparative acceleration 
curves for the new and previous 
machine. 
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Fig. 1--This sketch demonstrates 
operation of Controlled Ventilation, 
Air is drawn in from drive-end 
bracket (1). Air shield (2), fan (3), 
and diffuser (4) work together to 








force air into the machine instead 
of out at the drive end like ordinary 



































centifugal fans. Diffuser also di- 
vides air in proper proportion be- 
tween armature (5) and fields (8). 
Natural fans (6) in armature aid 
flow. Conducting dust created at 
the commutator (7) by brush wear 
is carried directly out of the 
machine. 













one hand. Also, the unique spring and-lever arrangement elim 

inates need for pressure adjustments during brush life. In Fig. 3—-Regulation curves for new 

dividual brushholders are easily removed without disturbing and old motores. 

other parts. Serrated square rods simplify height adjustments 

of the brushholder. comparative regulation curves 
lurning to the armature, a number of features assure low 

maintenance. High-tensile axle steel is used in the shaft for 

maximum strength. The shaft can be pressed out without dis no 

turbing commutator or windings. Shrink fit of the aluminum 

lan assures no slipping, yet provides for qui k removal and PREVIOUS MOTOR 

replacement by heating. A key in the shaft-fan assembly pro 105 

vides the positioning that avoids rebalancing when the fan i 


reassembled on the shaft. Bearings are packed at the factory 


and will operate for many years under most conditions with 100 ‘7 oe me ae os a 
no added lubrication. However, greasing and drain ports are LIFE-LINE H 
provided on all machines for use if service lubrication is de 

sirable. All bearings have shields that exclude dirt, prevent 95 


excessive ¢ hurning of grease, and meter the amount of grease 


that enters the bearing to protect against overlubrication 


Inner caps on 365 and larger frames and rotating seals on 326 95 25 50 75 100 125 150 175 
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LOAD TORQUE—100% 
LOAD INERTIA-—13.6 Ib-ft.? 
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Fig. 4 Typical characteristics of 
shunt, compound, and series 
wound Life-Line H motors. 
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Fig. 5 Typical characteristics for 
shunt and compound generators. 
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These photos show the access to 
brushes and brush mechanism 
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Standard horsepower ratings are the same as before but 
generator ratings have been revised to better align with d-« 
motor demands and a-c drive motor outputs. Also, previous 
standard motor base speeds of 100, 150, 200, 250, 350, 450, 
575, and 690 rpm have been dropped and new speeds of 650 
and 2500 rpm added. A large number of generator speeds that 
saw little or no activity in recent years have been dropped 
[he previous NEMA standards listed all 50 and 60 cycle 

ynchronous and induction motor speeds down to 75 rpm. 
rhe new standards are 850, 1150, 1450, 1750, and 3450 rpm. 
lhese are induction-motor speeds and the new d-c generators 
are also suitable for operation at the corresponding syn hro- 
nous speed 

Shunt, compound, and series-wound motors are provided 
to furnish the speed and torque characteristics required by 
various applications; also shunt and compound generators are 


ded. Typical characteristics of these types are shown 
in the curve in big } 
As a result of all the new features in the design of these 


new d-c machines, they provide the utmost in performance 
and dependability—prime requirements in continuous auto 
matic production, which is becoming so important in modern 
manutacturing, ® 
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cs of sulfur-hexafluoride gas as ar 


have made possible two new medium-powered switchgear device 


8 The favorable characteris 


tion of each is similar—a reciprocating contact operating inside a por 


with sulfur-hexafluoride gas; but the devices serve distinctly differ 
interrupts currents of 600 amperes at voltages up to 138 kv; the other 


to 20 000 amperes at 196 kv. Each has a definite place on the 


OUTDOOR LOAD-BREAK SWITCH 


‘ 


Electric-utility systems often need a disconnecting device to 
power circuit breakers capable of interrupting large fault current 
air-break switches with no interrupting rating, which are used pr 
equipment for maintenance purposes. Apparatus with just /oad-inier 
be used to good advantage many places on a system where infrequent 
justify breakers with fault-interrupting ability. Although air-breal 
used to open transformer magnetizing currents and line-charging 
amperes, successful interruption is often dependent on wind conditio | the opera 
tion can be somewhat hazardous. Typical system applications where bri break 
switches may not be feasible for one reason or another are interrupt forme! 
magnetizing currents, line-charging currents, and load currents. A ne 
switches have been designed to handle these and similar applicatior 
capacitor-bank switching, sectionalizing, load paralleling, and voltage re 

The new load-interrupter switch (Type VLB) consists of a modern vert 
switch to which a porcelain-clad, gas-filled interrupter unit has been added. The 
sulfur-hexafluoride gas, with its good arc-interrupting characteristics, and a ce 


places the interrupter in the circuit only during the interrupting interval make 
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Assembled Switchgear & Devices Department, Westinghouse Ilectr 
Kast Pittsburgh, Pennsylvania 


Load-interrupter switch (115 kv) in the (center) raises the blade from the station- interrupts load current. An arm on the 


ll 


closed position (left). The first 30 angular 
degrees of rotation of the center driving 
insulator rotates the blade and releases 
pressure of the stationary contact jaws. 
The second 30 degrees of insulator rotation 


ary contact, diverting load current through 
the interrupter unit and the interrupter 
isolating blade. The main switch biade 
engages an arm on the interrupter housing, 
tripping the gas-filled interrupter, which 








main blade engages the interrupter iso- 
lating blade, and the two blades rise together 
during the final 40 degrees of drive-insulator 
rotation (right), establishing the full visible 
air gap required in the disconnecting switch. 











a small, lightweight, and easily operable interrupting device 

The interrupter is completely self-contained and requires 
no external supply of gas or other auxiliary apparatus for 
operation. The gas is not consumed during operation, and 
units have long interrupting life, as demonstrated by an ex 
tensive testing program 

Interrupter elements are shown in Fig. 1. A sealed, gas 
filled chamber contains an axial-flow interrupting unit. The 
contacts are actuated by a toggle-type spring mechanism, so 
that they open and close at a speed substantially independ 
ent of the operating speed of the main air switch. This spring 
mechanism is located in a housing on the top of the porcelain 
casing that contains the contacts. A shaft passing through the 
housing wall supports a lever that is engaged by the main 
switch blade to actuate the mechanism 

The interrupter contacts operate in an atmosphere of sul 
fur-hexafluoride gas, which has excellent arc-extinguishing 
properties. Experiments have shown that only six inches of 
contact separation are required in this medium at atmospheric 
pressure to interrupt 115-kv circuits. This makes possible 
much smaller and lighter interrupters than have previously 
been possible. The reduction in size and weight is particularly 
desirable when interrupters are to be supported on conven 
tional disconnecting-switch structures 

Simple separable butt-type contacts operating in an SI. 
atmosphere have substantial current-interrupting ability at 
high voltages; this ability is further increased by a design 
that forces un-ionized gas through the arc formed during con 
tact separation. This is done with a piston and a Tetlon orifice 
carried on the moving contact. The piston compresses gas 
above it as the contacts separate, so that gas is forced through 
the orifice to aid in deionization of the arc. This simple means 
of bringing un-ionized sulfur-hexafluoride gas into intimate 
contact with the arc increases the interrupting ability of the 
device considerably 

A pressure gauge at the bottom of the interrupter is visible 
from the ground and indicates any loss of gas from the 
interrupter. The chamber is filled with gas at 30 psig, but will 
interrupt its full rating at 15 psig. The chamber is completely 
sealed and thoroughly leak tested. Field experience has shown 
that the interrupters need recharging about every 2!» or 3 
years. The loss of pressure is due to diffusion of gas mol 
cules through the retaining materials 

Pype VLB switches are made in ratings 15 through 138 ky 
ach switch has an interrupting rating of 600 amperes at 50 
percent lagging power factor. Tests have demonstrated a 
minimum operating life of 500 operations at full rating. Both 
laboratory and field tests have shown the effectiveness of this 
simple interrupting device for handling switching problems 
at transmission voltages 

Another important consideration is the ease of installation 
The VLB load-break switch uses the same operating-mech 
anism components as an air-break switch. Since the inter 
rupter is a self-contained unit mounted on the jaw insulator 
stack, there is no mounting complication. Installation costs 
are no more than for an air-break switch. 


HIGH-SPEED GROUNDING SWITCHES 


High-speed grounding is not new to the electric-utility in 
dustry, but in the last year a new approach has been planned 
and developed; as a result, high-speed grounding has an en 
tirely new appeal 

The Pennsylvania Power and Light Company asked West 
inghouse to develop a high-speed grounding switch for 196-kv 
service, which would close 20 000 amperes in the very short 
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period of 5 cycles, instead of the conventional time of 15 to 
30 cycles. Two switches capable of meeting these require- 
ments have been installed at the Peckville substation of the 
Pennsylvania Power and Light Company (below). 

A high-speed grounding switch is generally used to trip 
a remote circuit breaker for the purpose of de-energizing an 
internally-faulted transformer with no local high-side breaker 
protection. A typical application is a step-down substation 
serving a remote industrial site or small community (Fig. 2), 
where a local high-side breaker is not economically justified 
simply to protect the transformer against internal faults. The 
high-speed grounding switch, in closing, creates a line-to- 
ground fault of sufficient magnitude to trip the remote circuit 
breaker supplying the transformer, removing the faulted trans- 
former from service before it is damaged extensively. 

Conventional high-speed grounding switches have been of 
the swinging-blade type, operating in an interval of 15 to 30 
cycles, and rated to close 5000, 10000, and occasionally 
20 OOO amperes. But with the advent of faster breaker and 
relay operation, the conventional grounding-switch operating 
time of 15 to 30 cycles has become obsolete for coordination 
with faster-acting breakers and relays. 

Another factor involved is the susceptibility of the con 
ventional grounding switch to icing. In the open position, 
the exposed blades can accumulate an ice load that is heavier 
than the blade itself; with only a fixed amount of stored 
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energy available to close the blade, operating speed will de be positioned much closer | be | ble in air, 






















crease beyond the limits required for satisfactory service thereby minimizing closing t ve e opera 
In considering the problems of the new development, de tion possible. 
sign engineers decided that a completely new approach was Che mechanism pressure ber and porcelain are tilled 
required. Testing experience with conventional designs in to 30 psig pressure wit! fur iluoride gas. Howey 
dicated that pivoted blades or rotating insulators would be the pole unit is designed ti erate t lip oO that a tactor 
impractical for attaining five-cycle operation. Therefore, recip of safety is provided to a ite molecular migratior 
rocating-blade motion in a sulfur-hexatluoride gas atmosphere and diffusion of the gas through mater done for the 
was selected. A simplified cross-section of the grounding-switch VLB load-interrupting switch ce the same gasketi 
pole unit is shown in Fig. 3. The open gap is located sym techniques and shaft-seal ce ire used, comparable life 
metrically within the porcelain. The stationary contact is to be expected 
assembly is suspended from the top or live side of the \ pressure switch is pi ed to make the pole unit fa 
porcelain. A similar structure houses a reciprocating alumi safe in the event of a fra | porcelain and sudden lo 
num blade on the ground side of the open gap. Stationary of gas. The pressure swit brated to close at about 
rounded and polished corona shields at the ends of the support 12 psig. It energizes the g1 vitch trip coil, thereby 
\ tubes raise the breakdown voltage across the open gap and closing the grounding swit ei ihoent gas to 
permit closer spacing of the contact assembly and reciprocat- handle its full rating 
ing blade. The circuit to ground is completed when the recip From the viewpoint of the utility company, the five-cyel 
' rocating blade thrusts upward to engage the contact assembly grounding switch offers the same degree of protection in op 
and bridge the open gap. erating time as do transfer-tripping schemes; it does this wit! 
The resulting high-speed grounding switch closes 20 000 fewer parts, less maintenanc ver cost, and greater ce 
amperes, is not susceptible to icing, and has an operating time pendability. With the many components involved in carriet 
of less than five cycles. It has a minimum number of moving current or pilot-wire rela these tems are likely to be 
parts and withstands repetitive operation with a minimum of inoperative much more frequently than a grounding switcl 
maintenance. Sulfur-hexafluoride gas minimizes contact burn which is a self-contained device, and which functions a 


ing and allows the stationary contact and moving blade to as the transmission line itself | ervice, @ 







Five-cycle 196-kv high-speed ground- 
ing switch installed at the Pennsyl- 
vania Power and Light Company's 
Peckville Substation. 













Fig. 3- Simplified cross-section of five- 
cycle grounding switch (right). 
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Fig. 2 Simplified systern diagram (above 
shows typical grounding-switch application 
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a new approach to- 
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TURBINE 


SUPERVISORY 


INSTRUMENTS 


A typical new supervisory instrument. The 
same recorders, except for scale plates, are used 
ling larger in rating, more efficient, and more on all instruments. The instrument cases... . 
ye Wit e larger machines, the problem of giving the 
operator all possible information about the existing conditions in his machine 
} 


ymes more and more important. Some of these nditions ol a turbine are 










r" ements of only a few thousandths inch, or are buried deep down in the 

ACTUAL CENTERLINE OF 
nterior of the machine where they are not easily observed or detected by the SHAFT, TOP OF TRAVEL 
human operator. To detect these important, but not readily observable con TRUE CENTERLINE OF SHAFT 
ditior ipervisory instrument ire used 
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ACTUAL CENTERLINE 


WHAT ARE SUPERVISORY INSTRUMENTS? 








BEARING BEARING 
team-turbine supervisory instruments indicate electrically the mechani OF SHAFT, BOTTOM 
OF TRAVEL 

cal motions or actions of a steam turbine in a form useful to the turbine 
operator in determining his future course of operatio! I} detinition ex 

ides temperature recorders, and power and fluid indicators and integrato1 

{ 

ince a turbine it trouble-free machine wit! everal vears betwee 
cheduled overhaul the instrument must be able to go a long time witl Fig.1 
ittle trouble and without major adjustment This long operating-lile re 
quirement means that the ordinary economic standards for the design of e = Shaft eccentricity 


E Quantity recorded as eccentricity 


Fig. 1 Bowing of the shaft between the bear- 
ings results in the center of the outboard end 
traveling in circles around the true center. 

R. L. WRIGHT Fig. 2 The eccentric shaft rotates between 

pickup coils PU-1 and PU-2. When the shaft is 

closer to a coil, the impedance of the coil in- 
W ( t creases and the voltage across that coil increases { 
M while the voltage decreases across its series coil 
which has had its air gap increased. This 
means that voltage FG changes a little as the 
shaft rotates; voltage FC changes the same 
number of volts as FG but a much larger 

percentage 

T2 and T3 are like transformers, each 
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easy calibration, service, or adjustment. 











Fig. 2 


] 
be exceeded in the design of these 
commercial instrument, the device 


and maintained 


similar commercial and industrial el 








| apparatus must 


truments. Like any other 


must be easily adjusted 


TYPES OF SUPERVISORY INSTRUMENTS 


Since the first supervisory instr 
some twenty years ago, some instr 
abandoned, others have been use 


types have been widely used. These 
tricity recorder, the vibrometer, the 
the differential-expansion recorde1 
sion recorder 

On the basis of experience with 
the requirements for an ideal line of 


have been established, and a new line 


around these requirement 
The primary aim in their design i 
tor. To be of greatest usefulness to 


iment were developed, 
iment designs have been 
ghtly, but some five 


| 


ve device ire the eccen 
pindle po tion recorder 


ind the cy iInder-expan 
upervisory instruments, 
pervisory instrument 


of instruments designed 


uselulne to the opera 


he operator such instru 





have part of the circuit on their doors; when the 
doors are open the entire circuits are exposed for 


ments should be reliable, have many like parts, have a quick 
calibration check available, and be easy to service. Long-term 
reliability is obtained in these Turbo-Graf instruments by 
using inductors where pos ible, using a minimum of electron 
tubes, and working all components at low values compared to 
their ratings 

The same recorders, except scale plates, are utilized in all 
instruments, thus permitting inter hange of recorder Lhe 
instruments are housed in similar case which should be 
mounted under the recorders. These cases have parts of the 
circuits on their doors, so that when the doors are open, the 


entire circuits are exposed for easy calibration, service, ot 


adjustment. One instrument hown at left 

When the instrument ire located with the case under the 
recorder, this calibration ea done by one man, thu 
eliminating the time-honored outing betwee two people 
one at the recorder and one at the instrument 


THE ECCENTRICITY RECORDER 


When a turbine has been still for a period in hour. over 
night, or a week —the shaft tends to bow slightly due to slight 
temperature differentials from one side to the other, These 
movements are only a few thousandths of an inch, but these 
tiny displacements would result inbalanced forces of 
several tons if the machine were operated at rated speed. A 
turbine is usually operated at 1 to 20 percent rated speed 
until the shaft is true and these bows have been removed. The 
eccentricity recorder monitors thi ft during this crits 


period ol operation 


Bowing of the shaft between the bear results in the 
center of the outboard end of the lt tf eling 
with three equal windings. As the pri- utes); thus C1 maintains a voltage that is them at any instant and the total voltage 
maries of T2 and T3 are connected in proportional to the maximum voltage of C3 plus C4 is proportional to BC 
series, the sum of their voltages is always across T2, and C2 maintains a voltage By means of a tube with suitable bias 
the same as the BC voltage regardless of that is proportional to the maximum volt connected with its cathode on C3 pilus C4 
the voltage point F. The sum of T2 sec- age across T3. The sum of these capacitor and its grid on C2 plus C1, the BC voltage 
ondary voltage and a T3 secondary voltage voltages is proportional to the BC voltage component can be subtracted and the 
is always the same as BC and the voltage plus twice the change in voltage due to tube grid allowed to be affected only by 
of any secondary can vary as the shaft the shaft eccentricity. the double-eccentricity component. Thus 
rotates. The outputs of all the secondaries On the other hand, the capacitors C3 the tube plate current with suitable cali 
of both T2 and T3 are rectified and are and C4 have low-value resistors shunted bration can be used to display the eccen 
used to charge capacitors. across them so that their time constants tricity. As the time constant of C1 and C2 
Two of these capacitors, C1 and C2 are are only a few cycles. Thus, the values of is very long and as C3 plus C4 is a constant 
shunted with large resistors so that their voltage on C3 and C4 are proportional to value, the plate current changes slowly 
time constants are very long (some min the values of the transformers supplying following the general trend 
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crc iround the true center (hig. J Numerou 
nave been used to indicate the ifiation 
t! haft, but most are based o tne etflect 
In the aly gap betwee t nearby coll or col 
tee] shalt, which serves as an armature for the coil 
ical meal to dicate eccentricity 1s to re 
micrometer on the shait and iptract the 
Irom the maximum 
keccentricit not a mple | imber like 
re but the difference betwee two number 
different time that eccentricity is the difference betwee 
the maximum and minimum distance between the pickup c« 


and the shaft, and these condition occur 180 mechanica 


grees apart. Hence an eccentricity device 
following function 1) measure the minimum 
tance and remember this measurement, (2 


mum distance of the coil from the shaft, (3 


distance ind 1) di pla the result of the 
yradual forget”’ the number remembered so it can receiv 
changed information. The problem is further complicated by 


tne fact that the eccentricity cle vice | expected to measure 


1 mil center displacement (2 mils of double amplitude eccen 
tricit ol a shaft held in a bearing with 
ince, and which has a tendency to move around in the bearing 


i peed } increased. The slow shaft peed perhaps 


ind the desire to display eccentricity as 


curve also makes the problem more difficult 


Phe current Westinghouse Turbo-Graf eccentricity recorder 


LCCOMplishe all these thing It 3 hown 


hig. 2. The eccentric shaft rotates between two pickup col 

when the shalt 1s closer to a coil, the impedance of that coi 
mncreast as does the voltage across it. At the 
voltaye across the series coil decrease The e voltave change 

through the circuit shown, ultimately are fed to an electronic 
tubs on component to the grid and one to the cathode 
When properly calibrated, the output of thi 
plate current, give in indication of eccentricity 


In turbine operation, the turbine is usually 


turning gear at 1.5 to $0 rpm unti tartup 


rpm until the eccentricity reads nearly zero 
about 600 rpm any residual bowing will be apparent a 


tion and will be duly reported on the vibrometer 


Thus, t 
cut in for shaft disturbances that occur 


THE VIBRATION RECORDER 








enses thi mall vibration, but if it increa 
B+ B+ 
MAGNET A = i 
INTEGRATOR 1} 
y i con A 
{ - 5 + 
WEAK RIDER 
SPRINGS x 
2 4 
VIBRATI 


= 
SHAFT 





admitted and the turbine is kept at speeds |e 


e eccentricity recorder should cut out, the vibrometer 


Vibration j trangely enough, a difhcult function for 
turbine operator to detect | ually the turbine 


balanced that the vibration is quite small 


operator dot not perceive the increase but unconsciously 


idjust nis pre reception to consider the increase as normal. 
Many different vibrations occur in a turbo-generator. The 
ift is the initial source and vibrates in respect to space. 


Some of the energy from the vibrating shaft spills over into 
the far heavier bearing structure, which vibrates at a greatly 
reduced amount, perhaps even at an altered phase angle 
Some of this energy from the bearings activates the founda- 
tion, which also vibrates, again at reduced amplitude and al 


phase angle. All of these vibrations are referred to as the 


tered 
movements of the objects in space. Because these parts vi 
brate at different phase angles, different vibrations still exist 


when any one object is taken as a reference to consider the 


— = 


vibration of another object 


an 


lhe designer has three points at which vibration in respect 


to space can be measured. The first is the relatively thin 
whippy shaft where the vibration originates. The shaft is ; 
relatively inaccessible to instrumentation because of its rota- fi 
tion. The second place is at the bearing, which is accessible i 
for measurement but varies erratically both in amplitude tl 
ind phase angle from the shaft vibration. The third place is 
it the turbine foundation, which is also accessible for measure } 
ment; but here the vibration varies erratically in amplitude 
ind phase from the bearing vibration, in addition to being a | 
complex combination of all the bearing vibrations. In the new 
instruments the vibration of the shaft is measured, because it 

the originating source 

If vibration of an object in respect to space is to be meas- 
ured, a reference point must be available that stays still and 
does not move. Such a reference point can be obtained with a 
seismic mounting, that is, a large mass supported by weak 
prings. Because the mass is large it has considerable inertia, 
ind requires considerable force to move it over the short time 


of a cycle of vibration. However, the weak springs will only 
transmit small forces to the large mass. These small forces are 


incapable of appreciably accelerating the mass until the forces 





change their direction and try to accelerate the mass in the 
opposite direction. The net effect is that the large mass with 
the weak springs stays still in space in spite of the fact that 
the supports for the weak springs may be vibrating violently. 

In spite of the higher pressures and temperatures at which 
team turbines are operated, new machines tend to vibrate 
less than units designed only a few years ago. This reduction 
of vibration has been carried so far by the manufacturers 
that shaft vibration of less than one mil (double amplitude) 

common. The recorder chart reads to 15 mils on the new 


instrument in order to record the greatest amount of move 










ment that may occur in emergencies 
Shaft vibration is best picked up by means of a push rod 
with a babbitted foot that is pushed against the oily shaft 


Ke 
? 


with a force of about three to eight pounds (Fig. 3). On the 


we DISC 
Fig. 3 In the vibra- 
tion recorder, move GOVERNOR SHAFT 


ment of the shaft is 


GENERATOR 








picked up by a push 
rod against the 
shaft. This move 
ment is translated 
into a measurable 
electrical quantity 














an ice SE 











slug is more remote. Thus the voltage at 


external end of this rod is mounted a coil of about a thousand 





turns of fine wire. This coil is in a strong still magnetic field 
from a heavy magnet mounted seismically. Hence, as the shaft 
vibrates it moves the coil in and out of the magnetic tield, 
resulting in an alternating voltage being generated in the coil 

lhe greater the coil movement the higher the voltage. but 
a given coil movement causes the coil to cut the same amount 
of flux per vibrating cycle whether the coil is moved slowly 
or rapidly. Thus, for the same coil movement the voltage 
would be six times as high for 3600 rpm as for 600 rpm vibra 
tion because there would be six times as many cycles and six 
times as much flux cut. However, shaft movement is the de 
sired value; flux cut per cycle is a related measurement, not 
coil voltage, which is a function of machine speed times flux 
per cycle 

To make this correc tion, the coil output voltage is fed into 
an integrator, which consists of a large capacitor and a large 
resistor with a time constant longer than the speed ol the 
slowest vibration wave. The values of capacity and resis 
tance are so large that the capacitor can be charged to only a 
few percent of the available coil voltage before the voltage 
reverses itself and the capacitor starts to charge in the reverse 
polarity. The peak of the a-c voltage on the capacitor is pro 
portional to the flux cut per cycle, and therefore is propor 
tional to vibration. This voltage is only a few millivolts be 
cause the coil moves only a short distance (a few thousandths 
of an inch); also the coil output voltage was greatly reduced 
by being applied to an integrator 

This small a-c integrator voltage is applied to the grid of a 
pentode and amplified. The output of the initial pentode 
drives a power tube, which energizes an output transformer 
A secondary of this transformer supplies a rectifier, which 
drives a d-c recorder. Some of the voltage of this output 
winding is fed back in reverse phase to the cathode of the 
initial pentode to improve its operation of the amplifier 

Turbine vibration can change very slowly, that is, the vi 
bration can be constant over a short period of time. The vibra 
tion varies at different positions along the shaft; hence it is 
customary to use a sequencing device that selects, in rotation, 
pickups located at different positions along the shaft, moni 
tors each pickup for a few minutes, provides a short pause, 
and then monitors the next pickup. The start in a cycle is 
usually shown by a longer pause 


SPINDLE POSITION RECORDER 


In the normal operation of a two-cylinder turbine, the 


thrust collar, which is a portion of the spindle, is pushing 
against the thrust-bearing shoes either towards the governor 
or the generator. Occasionally, it may hunt in the 15 to 20 
thousandths inch clearance between the twosetsof thrust shoes 


In a single-cylinder turbine the thrust is always against the 


Fig. 4—Coil L1 is mounted on the gover- 
nor side of the disc and coil L2 is mounted 
on the generator side of the disc. The 
values of the inductance of the reference 
coils L3 and L4 are adjustable by mount- 
ing these coils facing each other, but 
separated by a manually movable iron 
slug. Thus, when the inductance of L3 
increases due to nearness of the slug the 
inductance of L4 decreases because the 








point B is manually adjustable. In a like 
manner, as the disc on the turbine shaft 
moves closer to, say the generator end, 
the inductance of coil L1 would increase 
and that of coil L2 would decrease. The 
voltage A-D across L1 would increase and 
the voltage A-C across L2 would decrease. 
With voltage B fixed, voltage A-B is a 
function of variation in Li and L2 induct- 
ance, and hence of disc movement. 

In operation, the value of the L3 and L4 





thrust snoes Thus tne t { Niar is normally contined to a 


relatively small trave Move ent excess ol norma ire 
caused by the thrust ( ry detlected due to heavy 
thrust loads or by wear of the on 

Che thrust collar itself LCC ible. However instrumet 
tation is obtained by a ecured to the halt near the 
thrust collar and separated by a section of shaft containing 
little temperature gradient | 4). This au iry disc move 
axially as the thrust collar move 

Because of the long life required and the dithculty ol cor 
recting tor wear in a contact iking device, a non-contact 
position-sensing device required to determine dis posi 
tions. A reluctance bridge consisting of two similar coil 


mounted one on each side of the 


disc and a two adjustable 
reference arms make a sensitive non-contact means of dete 


mining disc position. A schematic diagram of such a relu 
tance bridge is shown in Fig. 4. Basically, the circuit make 
use of the variation in inductance of the two coils (LI and 


L.2), and the resultant voltae arop acro ( ich, a the cise 


moves laterally in one direction or the other. By proper cali 


bration the meter read | idle position 


THE DIFFERENTIAL EXPANSION RECORDER 


Phermal expansion during starting is one of the most con 
sidered factors in the design of a steam turbine. If all working 
parts of the machine expanded at the same rate, the problem 
would be complicated enoug! nowevel in practice one 
parts of the machine are lighter, have a lower thermal inertia 
and heat up faster than others. For example, the compara 
tively light spindle heats faster than the heavier cylinder and, 


since the two are rigidly tied together at the thrust bearing 


axial clearances at some distance from the thrust are greatly 
changed If these clearance chanye o much that they are 
zero or negative, the rotating parts rub on the stationary 


parts To prevent this, steam |} ipplied lowly so the cylinder 


can keep up with the spindle; if the spindle gets too far ahea 
of the cylinder, steam is reduced until the cylinder catche up 
Since expansion changes occur with temperature change 


the principle uses of a differential expansion device are when 


the turbine is starting or is experiencing large load change 
The amount of expansion that can occur in the order of 
750 mils for a large machine. A 750-mil air gap in a reluctance 


1 1 


bridge would be non near due to the large amount ol le i} ive 


ive has the advantaye that coils are 


flux. The reluctance bri 


stationary and need not mec il illy touch the rotating part 


being measured. To improve the linearity of the bridge the 


leakage flux must be reduced ( the /o0-mil gap must he 
reduced. The air gap may be reduced by machining a pro 
tuberance at an angle of 14'5 degrees on the shaft and allow 
ing the coil to play on t projection ince the cosecant of 
1414 degrees is four, four mils of axial movement causes a 





inductors are adjusted by manual siug 
movement until the value of the B-C 
voltage is equal to the smallest possible 
value of the A-C voltage (disc as close to 
the governor end as it will ever go). As the 
disc moves further from the governor end, 
the voltage differential between points A 
and B increases and a larger current flows 
through the bridge and the recorder. Re- 
laying, consisting of D’Arsonval relays, 
can be placed in series with the recorder. 











air gap change of 1 mil. Thus, a maximum air gap change of 


147 mils is required for 750 mils axial change and good linearity 


can be easily kept over this range 

Ihe device used to measure this change in air gap is exactly 
imilar to that used to measure spindle position except for 
scale markings and calibratior 


THE CYLINDER EXPANSION RECORDER 


The thermal changes in the metal body of the turbine when 
it yoes from cold and still to hot and loaded make themsel ve 
apparent by expanding the entire turbine, in some casé 
nearly 1% inches from cold to hot. This thermal expansion 
does no harm as long as the turbine expands freely on its key 
If however, the turbine should stop expanding and continue 
to heat, large stresses might be set up that could damave the 
machine. Hence, a record of expansion changes is desirable as 
an operating aid during the starting period; this enables the 
operator to compare it with a normal expansion pattern 
Several methods have been used to measure this expansio! 
The reluctance bridge gets into non-linearity troubles due to 
the large gap concerned unless multiplying levers are used 
Another method has a rack and gear arrangement, whic! 
rotates the transmitter of a synchrotie, whose receiver drive 
a recording instrument. The synchrotie transmitter was not 
well adapted to the high ambient temperatures of its loca 
tion. The best way to record this expansion is to use the rack 
and-vear drive to rotate a potentiometer (Fig. 5), which wil 
stand high ambient temperature and to record the voltage of 
| 


the potentiometer arm, which is a function of the amount « 


pote ntiometer rotation 
SPEED-GOVERNOR VALVE POSITION RECORDER 


A recording tachometer 1s an instrument of varying usefu 
ne When the machine is coming up to speed and before it 
is synchronized, the instrument | important and helpful If 
the machine should lose electrical load and start to over sper d 
before the overspeed trip could be effective, the tachometer 
record of the overspeed would be invaluable; its recording 
would permit the calculation of the overspeed stresses to 
which the machine had been subjected. Most of the time, 
howeve r, the tachometer ts re ading synchronous speed, a tact 
that is apparent from the electrical frequency recording 

In both the start-up and overspeed conditions, the main 
governor valve is closed or rapidly closing, so a recorder that 
monitored governor-valve position would read zero. How 


ever, thi ime recorder would show i vyovernor valve position 


- -@ 
| a 
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Fig. 5 Thecylinder expansion recorder is used primarily during 
start-up of a turbine, when the entire turbine expands. 
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varying approximately as the load when the machine was syn- 
chronized. The fact that the tachometer information and the 
governor-valve information are not useful at the same time 


prompts the use of one recorder with proper relaying to record 
both these quantities on the same chart (Fig. 6). 

rhis dual operation can be obtained by using switches 
operated by the pressure of the turbine governor oil. A tur- 
bine has a centrifugal oil pump mounted on the end of its 
shaft. The pressure of the oil pumped varies directly as the 
square of the speed. This oil pressure is used for various con 
trol functions including emergency tripping. 

One switch is normally open until, say, two percent under 
ynchronous speed, while the other is normally closed until 
the same percent over synchronous speed. The two switches 
ire connected in series and conduct only at synchronous speed 
plus or minus two percent. The control device for the recorder 
permits governor-valve position indication only if the series 
switches are conducting. At other times, the device functions 
as a tachometer 

Governor-valve position is obtained by allowing an exten- 
ion of a lever on the governor-valve mechanism to operate 
a push rod containing a rack, which finally drives a poten- 
tiometer. This potentiometer is supplied with a constant 
voltage and the recorder really records the voltage of the 
potentiometer arm, since this voltage is a function of poten- 
tiometer position and plunger movement. 

Ihe tachometer used by the new instruments consists of 
a permanent magnet mounted on the end of the generator 
shaft; supported from the generator frame (without any bear- 
ings) 1s an eight pole armature that surrounds the magnet. 

The a-c output of the tachometer generator is fed to a 
transformer with a very small iron circuit. This transformer 
saturates and passes to its secondary only those pulses for 
a few degrees before and after the zero of the a-c wave. Thus 
the transformer secondary receives two equal-size pulses each 
cycle. These pulses are rectified and displayed on the d- 


res ording cle Vice 
CONCLUSION 


These turbine supervisory instruments record turbine 
eccentricities, vibrations, spindle positions, cylinder and dif- 
ferential expansions, governor-valve positions and_ speed. 
Phese 1 


total of eight tubes for all six instruments). Many identical 


truments are rugged and reliable, use few tubes (a 


components and similar circuits are used. Test fixtures are 


built in for ready operation test. ® 
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SWITCHES OPERATED BY GOVERNOR OJL PRESSURE 


Fig. 6 The speed-governor valve recorder keeps track of both 
tachometer readings and governor valve information. 
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Atomic Radiations Control Titanium Furnace 


* Atomic radiations, in the form of highly energetic gamma 
rays from radioactive cobalt, are being employed to detect 
and control the level of molten titanium in a new cold-hearth 
arc furnace designed to prepare purified titanium metal. The 
titanium furnace on which the control has been placed is a 
major installation at the Westinghouse metals development 
plant at Blairsville, Pa. 

Successful operation of this new titanium arc furnace de- 
mands exact level control of the molten surface of the ti- 
tanium ingot inside. The control must be foolproof, precise, 
and fast working—yet must be accomplished under extremely 
ditficult conditions. The temperatare of the liquid titanium 
maintained by the electric arc is more than 3000 degrees F 

Control is accomplished by beaming gamma rays through 
the walls of the furnace and the 12-inch titanium ingot inside. 
The source of gamma rays is a small needle of cobalt-60, 
placed in a shielded container outside the furnace and in line 
with the top surface of the ingot. If the ingot inside the fur 
nace is too high, it partly blocks the beam of gamma rays 
reducing the amount of radiation getting through the furnace; 
if the ingot is too low, the beam is interrupted less by the ingot 
and the amount of radiation through the furnace is greater 
The gamma rays passing through the furnace are detected by 
means of two scintillation counters, and converted to electr 
cal pulses. These signals are amplified and fed to electronic 
circuits that drive a hydraulic system, which raises or lowers 
the titanium ingot to the exact position required for proper 
operation of the arc furnace. The whole system is so precise 
that it can detect and maintain the titanium ingot level to 
within one-hundredth of an inch of its ideal operating posi 
tion. If the ingot should move beyond its prescribed limits, 
the gamma-ray control causes immediate shutdown of the 
arc furnace. 

Although designed by research scientists expressly for the 
titanium furnace, the gamma-ray control could be used on 
other types of furnaces and in other position-measuring and 


leveling applications. ® 


Aluminum-Clad Copper Wire 


#A thin, protective aluminum skin—only two and a half 
mils thick—will permit copper wire to operate at higher tem 
peratures. The copper wire is encased in a thin, protective 
coating of aluminum, to which is added a second coating of 
high-temperature insulation. The result is an enameled 
aluminum-clad copper wire that combines the high electrical 
conductivity of copper, the superior oxidation resistance of 
aluminum, and the added protection of a modern high-tem 
perature insulating enamel. 

In almost every new application encountered—from jet 
planes and guided missiles to routine jobs in industry —ele 
trical apparatus is called upon to operate at ever-increasing 
temperatures. Such temperatures tend to destroy what are 


usually the most sought for properties ol materials, suc h as 
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Using this model of the heart of a 12-inch tita- 


nium arc furnace, a research scientist demonstrates 
an 
white-hot titanium inside the real furnace. High- 


‘atomic watchman” that controls the level of the 


energy gamma rays, coming from the lead bomb at 
the left of the picture, pass completely through the 
furnace and are received by atomic counters inside 
the square metal box on the right 


strength and chemical inertne In the past, the main limita 
tion on the operating temperature Ol electrical equipment 
has been the available insulation. However, modern insulat 
ing materials can withstand heat so well that the copper wire 
around which they are placed becoming the limiting factor 

No insulation complet eals a wire from the air, which 
eventually seeps through to attack the copper. At high tem 
peratures, copper unite chemically with oxygen torming a 
layer of copper oxide on the wire surface. Thi iver gradually 
grows in depth, causing the lation to degrade. In addition 
it decreases the wire size wer rits ability to carry electri 
current. Fore ing norma rrent through the wire raise 
temperature even higher peeding up t e oxidation proce 
and agyravating the r yblem 

Unlike copper, the oxide formed on an aluminum irlace 
does not grow apprecial Whi i) ihout lour ( 
millionths of an inch tl } ! iT i sell protecting coat 
that prevents further o ( penetratio | i very t j 
coating olf aluminum elective olate pper wire 
from attack by oxvver! r. i iu im-clad ) 
per wire about thie Ze Ol ( | ora LT rrie 
pencil, the aluminum sh (V2 ! } 
covering must be ver ( i Do I 
electrical conductor 1 ers the ( 
Carrying capacity ol the ( ( re ‘ thy 
tories has a conductivit perce e Inter { 


Annealed ( opper tal 










siggest problem in developing a successful aluminum-clad 
wire was getting aluminum to adhere properly to copper 
while preserving the natural ductility of the separate metal 
Phe two metals tend to react metallurgically with each other 


forming a brittle layer between them and preventing a strong 


{ 


ductile bond. To overcome this difficulty, a copper rod is first 
plated with a layer of silver, which acts as a barrier to the 
interaction of the two metals. In the final wire, this silver 
barrier layer is only about one fifth the thickness of the alumi 
num skin covering it. The silver-plated copper rod is then in 
erted into a thin-walled tube of aluminum. The aluminum 
jacketed rod is rolled into a rod of smaller diameter and then 
is drawn through dies into wire of the desired size and shape 
Phe finished wire is coated with a high-temperature insulating 
enamel, giving a double-protected copper wire with long life 


at elevated temperatures. ® 


Research Technique Eliminates Television Picture Lines 


* The dark horizontal lines clearly visible in any close-up 
look at a television picture may someday be a thing of the 
past. Scientists have developed an experimental method for 
eliminating these scanning lines—now considered a natural 
limitation on the size of the television picture. Line elimina 
tion could be a step toward larger-size home television screen 

Phe standard television picture is broken up into horizontal! 
rows, which appear as black and white lines at the television 
receiver. The white lines contain the picture information 
which is painted by a beam of electrons that sweeps back and 
forth across the fluorescent screen on the inner face of the pi: 
ture tube. The black lines between each pair of white ones are 
unexcited areas of the screen not used in constructing the 
picture (upper photo, right 

Ihe new technique employs a method of wobbling the 
electron beam vertically as it makes its repeated traces acro 
the television picture tube. The slight up-and-down motion of 
the beam broadens the white lines that carry the picture in 
formation and narrows the distracting black lines. This so 
called “spot wobble” actually dates back several years, but 
heretofore the methods for accomplishing it have involved 
considerable equipment and have not been entirely sati 
factory. The system newly devised eliminates these problem 
with a simple but basic change in the construction of the tele 
vision picture tube used in all standard television receiver 
This change consists of splitting in half one of the tube’s 
cylindrical metal grids used to focus its electron beam into a 
tiny round spot. The split focusing grid still serves its regular 
function ol sharply concentrating the electron beam on the 
screen, but at the same time, a 15-megacycle voltage can be 
applied. The oscillating voltage is supplied by a single elec 
tronic tube fitted to a socket into which the television picture 
tube is also plugged 

Spot wobble is still in its experimental stages and has not 


yet been adopted on a commercial scale. ® 


Scientists Measure Atomic Radiations with Water 


* A new, simplified atomic detector for high-intensity radi 


ations uses ordinary water as its sensing medium One appli a 
tion fereseen for the new device is the monitoring of nuciear 
reacto! A nuclear reactor produces two main penetrating 
radiation yamma ray and neutron the new dete tor re 
sponds to gamma rays but not to neutrons and so discrimi 
nates between the two radiations directly 


The various device now emploved for monitoring hig! 


112 


energy and high-intensity radiations are complicated and 
ome are adversely affected by long exposure to radiation. A 
radiation monitor was desired that would be simple electri- 
cally and mechanically, and be unaffected by long atomic radi- 


ation bombardment 

lhe new detector fulfills these requirements by employing 
what is called Cerenkov radiation in ordinary water. Cerenkov 
radiation is the visible white or bluish glow that comes from 
water and other transparent materials when they are bom- 
barded with high-speed particles. This glow occurs in the 
material only if the particles travel through it faster than 
light. A simple liquid such as water is ideal because it is not 
severely broken down chemically or physically by high- 
energy radiation, and can be replaced easily if any deteriora- 
tion does occur 

The new radiation detector uses a light-sensitive electroni 
device, similar in function to an ordinary electric eye, to de 
tect the visible Cerenkov radiation produced by high-energy 
atomic particles. The eye is placed some distance from a vessel 
containing the water, where it intercepts the visible light and 
converts it to an electric current. 

Ihe faster the atomic particles entering the water, the 
brighter the visible glow and the greater the electric current 
venerated by the electroni eye. The current becomes a meas- 
ure of radiation intensity 

rhe simplicity and high output of the detector make it an 
ideal instrument for monitoring high-intensity atomic radia- 
tions such as those used for preserving food, vulcanizing rub- 
ber, and other applications. Although the full potentialities of 


These photographs of the same television picture tube illustrate 
the effect of the improved method of ‘‘line structure reduction.”’ 
To eliminate the dark horizontal lines normally present in scan- 
ning the picture (top), the electron beam is ‘‘wobbled’’ as it 
sweeps back and forth across the face of the tube (bottom). 
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the device have not yet been explored, research scientists ex- 
pect further development to produce uses generally in the 
radiation industry and for monitoring nuclear reactors. ® 


New Method for Taking Atomic ‘‘Pictures"’ 


# Scientists have perfected a new technique for taking pic 
tures of the atomic “insides” of metals and other crystalline 
materials. The technique employs a new means for detecting 
the neutrons that are shot through the crystal. This new pro¢ 
ess is several hundred times faster and more sensitive than 
methods previously used, and promises to yield important 
new information to scientists about the atomic architecture 
of crystalline materials. 

For years scientists have been using beams of high-power 
x-rays to probe crystal structure. In passing through the 
crystal, x-rays are scattered, or diffracted, by the atoms in 
the crystal. The x-rays are then allowed to fall on a photo 
graphic film where they produce a picture of the crystal’s 
atomic arrangement. This is a fast, accurate and extremely 
valuable research technique. More recently, with the advent 
of nuclear reactors, it was found that a beam of neutrons is 
diffracted in a similar fashion. Furthermore, neutrons will re 
veal the crystal structure of many thousands of different 
materials that are either impossible or impractical to analyze 
by x-rays. 

Until now, getting a satisfactory picture of the diffracted 
neutrons has been difficult. This is because standard photo 
graphic film is “blind” to neutrons. Exposures of many hours 
were required with standard neutron sources. Secret of the 
new technique is an improved method for making the neu 
trons visible to a photographic film 

After being scattered by a crystal, the neutrons are allowed 
to strike a special fluorescent screen placed next to the film. 
The screen is made by embedding a phosphor in a thin layer 
of special glass or plastic, which contains atoms of boron. The 
neutrons pass through the photographic film and strike the 
screen, where they smash into the boron atoms, releasing tiny, 
powerful atomic particles that cause flashes of light on the 
screen. These flashes are recorded by the photographic film, 
giving an exact picture of the diffracted neutrons 

The new technique will expedite the analysis of crystals of 
magnetic materials, which cannot be done with x-rays. Unlike 
x-rays, neutrons are tiny magnets. They interact with the 
bombarded atoms of a magnetic material and disclose its mag 
netic structure. This information is helpful in understanding 
the magnetic properties of materials and in designing new and 
better ones. 

Neutron diffraction is also an increasingly important re 
search technique in studying the structure of organic materials 
Organic compounds constitute some 90 percent of the known 
substances of earth, and all of them contain hydrogen atoms 
however, hydrogen atoms do not scatter x-rays well enough to 
permit their identification in a crystal structure. Hydrogen 
atoms do scatter a beam of neutrons, so that scientists expect 
to learn much more about the exact structure of organk 
crystals. ® 


Stresses in Nuclear Reactor Shell Made Visible 


® Scientists have found a way to see and study the compli 
cated stresses existing deep inside the solid steel pressure ves 
sel of a power-producing nuclear reactor. The technique uses 
a model made of special plastic to make visible the stresses in 


the full-scale pressure vessel—the large, complex steel struc 
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A 50-pound block of ice is used to This glowing model enables re- 
demonstrate Cerenkov radiation, the search scientists to study the 
scientific principle underlying a new stresses deep inside the pressure 
high-speed atomic-particle detector vessel of a nuclear reactor 


ture that houses the reactor 


help speed pressure-vessel ce 


structure can easily withstand an 


called upon to contain 


An exact model of the structur 


from a photoelastic resin, or p 
ability to show visibly the twisting 


they undergo when various force 


re | e ot the technique Will 


and insure that this vital 


design pressures it may be 


to be studied is constructed 


astic. Such resins have the 


bending. or other stresse 


are apphed to them. When 


examined under polarized light, the stresses show up 4 
patterns of colored light 

The plastic pressure vess¢ model is about two feet high 
1! feet in diameter, and we tbout 100 pounds. After the 
model is cast, it is machined to exact shape. Air is then 
pumped into the model unt { under a pressure of about 
four pounds per square pressure large enough to 
produce in the model the exact stress patterns that will exist 
in the actual pressure vesse ler its working pressure of 
about one ton per square 

The model is then cured | ( freezes the stre 
patterns permane ntly into the of the mode miple 
are cut from the mode cl ¢ ed der polarize r| 
The frozen stress patter e studied 1 (| 
great precision 

rhis is the first time toela tre ' 
been applied on the scale requ read lor tud ft a reactor 
pressure vessel It has bee le possible by the recent d 
covery ol a new improved photoelast resin, Compared to 
previous materials, thi ( re ree times more se 
tive in forming the desire ( tter Phe new resir 
makes possible much larges le before. A st ture 
as complicated a i re ‘ ty ite ' 


photoelastic ana 0 

Increase in mode ( 
The SUCCES wit 

nique will soon bye Applic 

ated and difficult to ana r 
































Fig. 1—The fundamental components of 
the induction-type time-delay relay: The 
operating torque on the disc produced by 
the electromagnet moves disc against ten- 
sion of coiled spring. The damping mag- 
net provides restraint when disc is moving. 
The total disc movement is set by adjust- 
ing the starting position of the disc (and 
moving contact) with the time-dial stop. 


Photo—New CO overcurrent unit. 





Fig. 2-This shows the design and flux 
path of the new ‘‘E’’ type electromagnet: 
The main coil on the center leg produces 
flux which divides and returns through 
outer legs; the shading coil causes flux in 
its leg to lag main-coil flux; the out-of- 
phase fluxes thus produced in the electro- 
magnet air gap create the disc torque, 





Fig. 2 SHADING COIL FLUX MAIN COIL FLUX 





Fig. 3-—-Schematic diagram of type CO 
overcurrent relay: When overcurrent 
sane eae (from current transformer) occurs, disc 
moves, closing CO contact; this energizes 
ICS (indicating contactor switch) coil, 
and ICS contacts also close, shunting CO A 
contacts; on extremely high overcurrents, 


IIT (indicating instantaneous trip) {coil 
ryt picks up, closing IIT contacts. 
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KERN ® The increasing demand for more electric power necessi- 
MOD tates additional generating capacity, higher transmission volt- 
ives, and increasing interconnection between utility systems to 
CONCEPTS re the continuous service required. All of these changes 
produce more complex power networks—none of which could 
operate reliably without the supervision of protective relays. 


r kR A Protective relays ftunction to prevent damage to power 
O EL Y tem apparatus during fault or overload conditions, and ‘ 


























educe the effect of these abnormal conditions on utility 
DESIGN tem operation. Reliability, then, is the essence of design, 
manufacture, and performance of the protective relay. Con- 
ent design effort on a new line of protective relays 
ted toward improved performance, simplified con- 
G. J. MARIENI tructiol | minimum maintenance Naturally, reliable 
rforn e was the fundamental absolute requirement 
W. STEPANUK 
The 0 ete ne of the CO overcurrent, CR directional 9 
| | vercurrent nd CV voltage relays has been redesigned and 4 
‘ sedi ina new improved I lexitest case of modern appear 
e. Since power-system expansion requires added panel 
! board space tor protective devices, mounting space Is also an 
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economic factor worthy of consideration. One-third smaller 
than previous designs, eight relays can now be put in the 
space formerly required for five. 

Basically, only two significant operating units are involved 


ss 


in the three relay types. These are the ‘“E”’ electromagnet 


used for overcurrent or overvoltage detection, and the cyl- 
inder-type directional unit for detecting direction of power 
flow. The two auxiliary units that have been redesigned are 
an indicating contactor switch, which indicates relay opera 
tion and shunts relay contacts, and an indicating instanta 
neous trip, which provides high-speed protection from heavy 
fault currents and indicates operation. 


OVERCURRENT RELAYS 


The CO overcurrent relay operates on the induction-dis¢ 
principle. An electromagnet produces a torque, causing rota 


tion of the induction disc (Fig. 1 Che moving contact of the 


relay is clamped to an insulated portion of the disc shaft 


During an overload, the dise rotates until contact is made 


with the stationary contact and the trip circuit thereby ener 


gized. A damping magnet restrains motion of the disc and ts 


partially responsible for the characteristic of the operating 
time curve 

A newly designed electromagnet, designated the “E”’ ele 
gh-strength 


tromagnet, combined with a alnico permanent 


magnet for damping, provides seven different operating-time 


curves without the use of gearing, including designs that pre 


viously required geari 


ivy he operating pring pie ot the new 


electromagnet is shown in fig Use of this new electro 


magnet design has achieved a general reduction in the burden 
in some instances trom 1; 


| he nev 


volt-amperes to approximately 


4 volt amperes electromagnet used in the com 












































Fig. 4 (a) Comparative curves for CO overcurrent relay 
TABLE | ee 
All curves are for the number 5 time-dial setting. (b) The 
Summary of the CO overcurrent relay types and their effect of varying the time-dial setting is shown for the 
application. CO-8 relay. 
: reference 70 140 7 T Beat 
relay time common | | | 
operating hee } | 
type curve > applications \ | 
time \ ; | | 
60 120 6 t + = } | aan 
| meeete 
Differential protection of bus or generators . 4 \ | | aoe | 
y wuss . gS ar ; \ Bae 
CO-2 short where restraint windings are not required © 100 «6S \ = SES Resse! 
time 47 sec Straight overcurrent protection where short ° \ \ \ } | | Hiya 
operating time 1s necessary for system sta a a \ mis 1 || rid 
bility a < Zz co-8 | | | | | 
G6 400 60° 4 } At 4 4 4 4 beset tiie 
t > 2 & meeee 
Motor protection Long-time setting (150 2 ” = \ “r “0-9 | | 
A \ } | } 
percent of full load) prevents tripping due = 2 z ‘ | | | | 
to motor-starting currents and allows motor Ou Ow 3 ; \ | i maaan 
CO-5 long 95 to carry moderate overloads for safe peri - <= = \ Ned cO-2 
. time sec ods. Inverse characteristic provides faster ' co-6h\ > 
tripping at higher overloads. For protection 20 40 2 “TF ¥ HAR ARE tt PtP tt titty 
: cO-7 bh: 
against heavy faults during starting ss Ne . i. | 
> . , “Ph. 
relay with instantaneous overcurrent unit Se TH 
a t 
10 20 «1 <I S 
: co-5 — hs) 
For use where generating capacity and fault i on: Manecet’ 
currents vary over a wide range. Relay has 6 0 
. ' i - 0 4 eee Lu 
CO-6 definite 2 sec fixed operating time (per time-dial setting 
: 6 141 
time fron approximate! 10 to 20 times tap cur CO-2 CO-5 ' 2 , 4 5 76910 121416 20 
rent. thus providing definite se lective o MULTIPLES OF TAP VALUE CURRENT 
ation for sequential tripping a 
Overcurrent phase and/or ground fault pro 
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‘=e —_—aeseem . oe om me on on on 
lay approaches definite time characteristic 4 | Y 
. = 4 at high currents, allowing wide change | | 
( 0-7 otely 2.48 sec fault current magnitude with little change \ | | L\T\ 
laiacelas In operating time Useful application 6 | rt eee TTT 
| INVERSE TIME-8 
vhere moderate changes in generating « a) 
pacity occur or on paralle ines where r 4 | 1 
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uw to TIME DIAL 
Phase and/or ground protection of st re hd\ SETTING 
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CO-8 inverse 2.52 sec primary protection or ba ag ptr = | \" \ 
primis yrotection or back-up for other = 1 \ 
la Wide variation in time-lever setting = \ ¥ \\ IN 
and slope of curves facilitates coordinatio 03 | \ ik 1 hi] 
assure selective operation. Degree of z st } . ' i ’ | 
verseness required 1s determined by ta Z \ 4 . NN $ ‘Sn “Ba, | 
current mag de, operating time desi: , + + 
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*Relay operating time on no. 10 time-dial 


setting with 10 times tap current 


applied 
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flu cutting the dys the le pacing between magnet 


{ 


keeper thie ower the dis« peed lor i given operating curre! 









or driving medium into the electromagnet yap as the cise 


rotate toward the contact-closed position Thus accurate 





operating time is secured over the entire range of the operat 





ing-time curve 


Operating-time characteristics of these relays are calibrated 


by adjustment of (1) spiral control-spring tension, (2 





damp 





ing-magnet drag, and (3) magnetic plugs in the electromagnet 





flux path. Taps are provided on the main-coil winding to 


select the desired current-transformer pickup current. The 






time dial provide sa means of setting the total travel for the 





rotating disc. Once the desired current-tap setting and time 





dial position have been selected, the minimum pickup point 





is obtained by balan ing the effect of control spring restraint 





against electromagnet operating torque. The characteristi 





of the operating curve at low-current values is contro ed by 








adjustment of the permanent magnet keeper while at 





current the operating characteristic is adjusted by cor 





trolling saturation of the electromagnetic circuit with the 





maynett 





plugs 


Because of the variance u 


curve nomenclature amo 





manufacturers and also because of chanyes in desig ol 





j 1 
overcurrent relay a numerical designation ol curve ident 





fication has been adapted The new designations are show 





lable I. Generally, the higher the numerical designation, the 





more inverse the curve and the faster the relay operates for 






a given amount ol applied operating curre nt 





A schematic diagram for the new CQ overcurrent relay 





shown in Fig. 3. Included in this diagram are the ICS (ind 
f 
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plete e of CO overcurrent re lable J Ihe electro 
é # the CQ-2 and CQ-11 relays employ an additior 
na ron the right leg of the electromagnet to obtain the 
desires erating characterist 
( ro 7 aisc movement merat yr time the re 
rig i chieved ty t uy ; OrTseshot dan 
I" met ter 1] respect Oo the ¢ enter | the 
Lorquée ! ti the magnet v ned vit t COFrespo 
enect the peed ol rotatior The new alinico damp 
maynet pern inentiv located with re pect to the disc center 
point, with the “drag” of the magnet on the disc controlled 
Dy il y the keeper flu hunt located below the dis 
Which contro the amount of flux cutting the dis The more 


ipplied to the main col 
The disc piral-st iped to compensate for the piral spring 
introduce i vyreater amount ol dis« urlace 








ictor switch) and the IIT (indicating instantane- 
ous trip) units. Each is a clapper-type mechanism, whose 
irmature carries a moving contact that bridges two station- 
ary contacts when the operating coil is energized above pickup 

ie. The ICS contacts parallel the main relay contacts and 


issure trip-coil energization for sufficient time to trip the 


ociated circuit breaker. They also relieve main-relay con 
tacts of he trip currents. An orange-colored target indi- 
ites trip-circuit completion. The new ICS unit combines the 


ca witch and the operation indicator into a single unit 


New line of protective relays 
installed in metal-clad 
switchgear 

assembly. 








Phe ICS unit is tapped to provide armature pickup at either 
0.2 or 2 amperes d- 

Phe ITT unit, an a-c operated switch, is similar in construc 
tion to the ICS unit, except its current-pickup value is adjust 
able over a one-to-four range by varying a core screw within 
the core coil. The IIT contacts are wired in parallel with the 
main-relay contacts (Fig. 3) and will trip the circuit breaker 
independently of the relay contacts if a fault current at or 
above pickup setting of the IIT unit occurs. Depending upon 
the time-current characteristics selected, the operating time 
of the CO relay can be several seconds, whereas the IIT unit 
n 10 milliseconds at 300 percent of minimum pickup 
The dropout-to-pickup ratio of the ITT unit is 65 


operate 
current 
percent at minimum setting and graduates to 90 percent at 


maximum setting 








DIRECTIONAL OVERCURRENT RELAYS 


Modern relay systems often call for protective relays that 
trip only when power flows in a given direction. By combining 
a directional unit with an overcurrent unit, the relay becomes 
sensitive to current direction and magnitude. The new line of 
directional overcurrent relays has been created by combining 
a newly designed directional unit with the new CO overcur- 
rent unit. The directional unit has many advantages over its 


predecessor in speed, freedom from vibration at high cur 
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rents, pilus a controlled phase angle and s¢ t rve \lso r yt the Init 


has been reduced and construction simplitic 

Phe directional unit is a product-type devic eld the op mtact position 
by a spiral spring when de-energized. When the po ng and operat t 
Fig. 5) are energized in the proper direction, th der rotates to close the opet 
ating contacts. The previous design employed tion disc, whereas the new 
unit uses an aluminum cylinder, which rotate rap between the ugnet 


core and the electromagnet shell 


Screw-type magnetic plugs are used in the ited electromagnetic ¢ 
the directional unit to vary the basic flux patte: e plugs control the lo¢ 
the sensitivity curve at low voltage and hig! rent to ire a detinite pick 
of the unit even at very high currents and low voltage é t during close fault 
Without plugs, the sensitivity curve bends away from the current axis due to spuriou 
torques and would therefore affect the sensitivil l I urrent | / Likewise 
the locus of the zero torque line of the phase-a ( rve made a straight line 
assuring contact closing torque for a comple i () devret even at my current 
Phe plugs can also be utilized to positively close the directional-unit contacts o 
rent alone if the relay application so requiré 

Vibration is an important design considerati e it affects the required oper 
ating time of the overcurrent unit, which is direct ontrolled by the contact 
of the directional unit. Effective vibration is 1 ed the zero-torque ling 


Fig. 5 Schematic diagram of the directional- 
unit electromagnet: When fluxes produced by 
polarizing and operating windings are out of 
phase, a ‘‘rotating field’’ is created, which ro- 
tates cylinder in the direction of field rotation. 


Phot New CR directional unit 


Fig. 6 Schematic diagram of the CR direc- 


tional relay: When current exists in tripping 


direction 


directional unit operates to close CR 


contact, which closes shading-coil circuit per 


mitting CO relay to operate; if overcurrent is 


sufficient 


CO overcurrent relay picks up 


proached Vibration of the moving element of the directional unit at high current 
was eliminated by using an aluminum-cylinder element tead of a cup-type element 

Minimum pickup of the CR directional unit ) amperes and 1 volt for the 2-6 
ampere relay, and 4 amperes and 1 volt for the 4-12 ere relay when fault current 
leads the polarizing voltage by approximately 30 degrees, The new directional unit 
operates in 8 milliseconds when 20 amperes, 120 volts, 60 cycles is applied. A redui 
tion of over 50 percent of the burden of the potent rcuit plus a reduction ot 
current burden has been attained in the direct ul unit his permits greater load 
ing of existing current and potential transformer 

The Various types ol dire tional overcurrent re ire mn ed in ‘Table I] 
A typical application of the type CR directiona hown in big. & Here three 
relays are used, one for each phase, to give direct mal overcurrent phase protect 


A comprehensive study of directional-unit ce 


Compactness in design of the 
new line of relays is shown by 
the CO overcurrent relay. 


Fig. 6 
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system conditions indicated that although all types of phas 


directional unit connections had possible areas of undesirable 
operation, the 90-degree connection (relay current leading 
} 


LOW 


relay voltage by 90 degrees with unity power tactor ! 
the tripping direction) afforded the greatest degree of re 


ability \ 


maximum torque angle of the directional unit occurs 


ibsequent study indicated that the optin 


the relay current leads the relay voltage by approximat 
40 degree This maximum torque angle is inherent in the 
design of the new unit so that no internal pha e shifters are 
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TABLE Ii 


Summary of the directional-overcurrent relay types. 


Phase Voltage Polarized CR-9 
Ground Current Polarized CROP CRC-11 
| 


Voltage Polarized CRP-9 CRP-11 


Voltage and/or 





CRD-9 | CRD-11 


Current Polarized 














Comparison of new CR directional overcurrent relay 
(left, lower) and older model (left, above); operating ele- 
ments of new (right, lower) and old CR directional over- 
current relay (right, above). New elements are smaller 
and simplified, with improved accessibility. 


TABLE ill 


Summary of CV voltage relay types. 


Long Time Undervoltage 
Short Time Undervoltage 
Long Time Overvoitage 
Short Time Overvoltage 

Long Time Over and Undervoltage 


Short Time Over and Undervoltage 





Overvoltage 


Low Pick-Uy 


Sensitivity Curve 
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contact | i 
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ZERO TORQUE LINE 


CONTACT OPENING ZONE 


Fig. 7—-The effect of the magnetic plugs 
in the electromagnetic circuit of the di- 
rectional unit is shown for the sensitivity 
curve and the phase-angle curve. 


required. In the prior design, the induction-disc directional 
unit used with the 90-degree connection had its maximum 
torque angle when load current lagged its 100-percent power 
factor position by 45 degrees. 

The CRP voltage-polarized relay is used for ground-fault 
protection and operates from residual current and residual 
polarizing voltage (See Fig. 9a). Maximum torque angle of 
these CRP directional units occurs when the ground current 
lags the polarizing voltage by approximately 60 degrees. An 
internally-mounted phase shifter (resistor-capacitor) is used 
to obtain the desired maximum torque angle. Minimum pick- 
up of the CRP (current lagging voltage by 60 degrees) is the 
same as the CR relay 

The CRC current-polarized relay is also used for ground- 
fault protection and operates on residual ground current and 
residual polarizing current (Fig. 9b). Maximum torque angle 
occurs when the applied operating current leads the polarizing 
current by approximately 40 degrees. Minimum pickup of the 
CRC directional unit occurs when 0.5 ampere in-phase current 
flows in both the operating and polarizing circuits. 

lhe type CRD is a dual-polarized relay and can be polar- 
ized from a current or voltage source independently or simul- 
taneously. The CRD is also applied for ground-fault protec- 
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Fig. 9a—-Application of CRP relays for ground protection. 


tion and utilizes the directional units of the CRC and CRP 
relays. The contacts of both directional units are connected 
in parallel and control a common CO overcurrent unit. Use 
of two separate directional units eliminates magnetic coupling 
between the two polarizing circuits and affords greater relia- 
bility than a single unit. 


VOLTAGE RELAYS 


The CV voltage relay is similar in operation and design to 
the CO overcurrent relay, so that the “E”’ type electromagnet 
is also applied to the CV line of voltage relays. Since the 
voltage winding is a low-current, large-number-of-turns wind 
ing, magnetic plugs are not utilized in the electromagnet since 
saturation of the electromagnet does not take place over the 
operating range of the CV relay. The complete line of CV 
voltage relays is tabulated in Table III. 

Former CV relay designs used a slide-wire resistor to vary 
initial pickup-voltage value. This resistor has been replaced 
by a tapped-operating coil on the electromagnet, resulting in 
higher continuous-voltage ratings for the relay. The new 
relay, with a nominal rating of 120 volts and taps from 55 to 
140 volts, will withstand a continuous rating of 132 volts on 
all taps except for 140 volts continuous on the 140-volt tap. 
Prior designs withstood 110 percent of tap-value voltage. 

Use of taps instead of a slide-wire resistor has also resulted 
in a greater range of time settings. For example, for the 
CV-2 short-time, under-voltage relay on the number 10 time- 
dial setting with 50 percent of tap-value voltage applied, the 

new CV-2 provides a time delay of 13.6 


seconds as compared to 10.8 seconds in 


Current |, Leads the prior design. Greater disc travel also 
Voltage V,, by 90 Degrees provides greater spacing between the 


moving and stationary contacts at the 
lower time-dial settings. 

The type CV-8 is a new addition to 
the CV line. This is a single relay with 
a self-contained internal third-harmoni 
filter, which nullifies the effect of third 


Fig. 8—(a) Application of directional over- 
current relays for phase protection. Three 
single-phase type-CR relays are used. (b) 
Polarizing-voltage and operating-current 
vectors are shown for 100-percent power 
factor (top) and fault (bottom) conditions. 
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Fig. 9b—Application of CRC relays for ground protection. 


harmonic current on the induction-dise voltage unit in the 
relay. The CV-8 is primarily used for protection of a-c wind- 
ings of large generators that are grounded through a dis- 
tribution transformer. The tuned-filter circuit of the CV-8 
offers high impedance to third-harmonic voltage, and low 
impedance to 60-cycle voltages. The relay does not have 
taps but is rated 67 volts continuously and will pick up on 
8 percent of this value, or 5.4 volts. The relay has adjustable 
time-dial settings to assure tripping on faults and not tran 
sient conditions. Time-delay ranges are from 1.5 cycles (60 
cycle base) to approximately 4 seconds on the number 11 


time-dial position 


FLEXITEST CASE 


Reduction in the sizes of the operating units in the CO, CR, 
and CV relays have permitted a new Flexitest case design 
The primary design changes have involved provisions for 
making the same case suitable for both projection (surface) 
and semi-flush mounting, addition of approximately three 
fourths inch to the case depth to provide room for auxiliaries 
such as resistors, plus a redesign of the current transformer 
short-circuiting switches and chassis frame. One-piece molded 
blocks provide a common mounting for the switch blades and 
strap-type connectors to the rear metallic connector terminals 
This design eliminates the need for independently mounted 
rear connector terminals and wiring, and greatly facilitates 
tracing electrical circuits from switch blade to terminal, The 
case shell is welded steel, which is zinc plated, bonderized, 
and coated with baked enamel to resist corrosion. ‘Two newly 
designed current-transformer short-circuiting switches are 
provided in the new case. Contact position of the short 
circuiting switches is readily visible from the front of the case 
even with the removable chassis unit within the case and the 
llexitest switches closed or open 


The new designs of relay-operating units and cases permit 


panel mounting of eight new relays in the same panel space 
formerly required for five. New cases are the same width as 
the previous Flexitest cases but lower in height. For example 
the new CR relay is now housed in the ime Case ZO u ed for 
the old CO unit. This size correspondence was intentional 
since power-system changes often require replacement of 
straight overcurrent (type CO) relays with directional over 
current (type CR) relay 

The overall design pro resulted in a ne ne of 
relays with improved oper gy characteristics, lower bur 
dens, improved mecnanica 0 truction with greater relia 
bility and fewer parts, and simplified maintenance, ® 
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Fig. 1 A schematic diagram of 5, 
7“, and 10-hp single-phase motors 
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START: 8 AND C CONTACTS CLOSED; A-AND D OPEN 
RUN: A AND D CONTACTS CLOSED; B AND C OPEN 
TRANSFER MECHANISM—NOT SHOWN 










Fig. 2—-The design of the 20-hp 
motor is similar to the smaller 
motors, with several exceptions. 


Single use Morols 


® In many farm applications, and in some industrial plants, 
only single-phase power is available. This has been a limiting 
factor in the size of electric motors that could be used for 
such applications, and therefore has limited the number of uses. 

rhe limitation on motor size is primarily due to the large 
starting current required by such motors. Single-phase motors 
of 5 and 7!5 hp, 220 volts, 60 cycles are now common in 
single-phase application, and 10-hp motors are gradually com- 
ing into more wide use. In part, improved substations, better 
voltage regulation, and expanded generating capacity have 
made this possible. But improved motor design has also played 
a part—to the point where restrictions should no longer be 
made on the basis of horsepower rating alone. For example, 
a new 20-hp motor, recently developed, actually draws less 
starting current than the present 10-hp motor. The improved 
designs of large single-phase motors open up applications for 
electric power in many farms and industries. 


DESIGN OF LARGE SINGLE-PHASE MOTORS 


rhe most modern single-phase motors are of the capacitor 
type. Motors of 5 hp and above are of the capacitor-start and 
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Fig. 3a—These are the performance 
curves for a 10-hp, 220-volt, four- 
pole, single-phase motor. 


capacitor-run type. Consider first the design of the 5, 7! 


and 10-hp motors. The schematic diagram of these motors is 
shown in lig. 1. These motors have a main and an auxiliary 
winding, both of which are in the circuit at all times. Re 
ferring to the diagram, and the acc ompanying des« ription, it 
is apparent that the starting capacitors and the running ca 
pacitors are in parallel during starting, and therefore their 
capacitance is added during this period. While different ca 
pacitors are used for different ratings, the design and operat 
ing sequence are the same for all three horsepower size 

Phe success of the 10-hp motor led to the development of 
a 20 hp motor, with the basic objective of holding the start 
ing current of the larger motor to the same value, or les 
than the 10-hp version. Such a motor has been developed, and 
in fact, one such motor has been driving an irrigation pump 
on a Pennsylvania farm for about two years 

In general, the design of the 20-hp motor is similar to that 
of the smaller motors. However, during starting, the main 
and auxiliary windings are in series; when the motor is up to 
speed they are switched to parallel operation for running. A 


switching relay and two magnetic contactors are required, 


Starting Torque 


Current at Transfer 


Fig. 3b—-Performance curves for the 
special 20-hp motor, also 220-voit, 
four-pole, single-phase. 








ind these together { | i e breaker 
ire located in a wall bo eparate tro the motor. Overt 
protection and a pu hbutto re corporated yaddit 
control or disconnect vit required { 
motor; other horsepowe require separate 
control and a meat lor the ¢ ( 1 
the power line. A schemat of tl 

hown in big. 2 

PERFORMANCE OF LARGE MOTORS 

Performance curve 10) () mot ( 
in hig 5 \ tabulatio ol iral ( i r for the two 
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ol the 20-hp motor | but 1 ) ere ) are to the 
ing current of 204 ampere r the 10-hp motor. Start 
accelerating characterist 1 the two motors are comparable 
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ience and reliability of el tors are especia isef 
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Editor’s Note: Courses and seminars on human relations are nothing new in industry. Two 
years ago, however, several supervisors in the Westinghouse East Pittsburgh plant decided that 
the courses they were familiar with were not particularly suitable for engineers. So they set about 
organizing a course of their own, drawing freely upon available source material and personal 
experiences. Specifically, they felt that the course should be “down-to-earth”, and that it should 
be designed to promote class discussion; also they felt that it should not delve deeply into the 
“whys” of human behavior, but rather should concentrate on specific suggestions for improve- 
ments in human relations that every engineer could adapt to his own needs. 

A prime objective for the course was to stir up individual thought on the problem, and promote 
an interest and an awareness of the possibilities for individual improvement. The points 
covered in this article were developed following discussion of basic human drives and reactions. 
These were discussed in terms of individual experiences of the members of the class. 

The first course on human relations for engineers was organized by the authors of this article, 
and presented to engineering supervisors at East Pittsburgh. It was then extended to 
with some of the supervisors acting as leaders. Classes were held to not more than 30 n 
and were conducted with maximum participation. Enrollment was voluntary and the course was 
held over a period of eight evenings. To date, 106 of he 
mately 500 engineers to which the course has been offered have attended. 








obvious. But as we progressed, + tapun to dene ee aealannaae king man 
mentioned. Sr ecctina anh shestthe ankten tn oraeafen 
it had accomplished nothing more than that, it would have been worthwhile.” 
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= The engineer is often pictured as the man with the slide 
rule, a man of figures and facts. Actually this is only half of 
the picture, for everywhere he turns the engineer must deal 
with people—other engineers, the salesman, the shop man, 
his own boss. To do his job well, to win acceptance for himself 
and his ideas, the engineer must be able to deal effectively 
with all these people. 

Today the engineer is more than ever a team worker. Engi- 
neers are teamed with scientists to work on development 
problems, and with sales and shop people in the planning and 
production of apparatus. They are called on to deal with 
customers on complex application and operating problems. 
Few engineers have had formal education in human relations 
and many have concentrated so much on their technical work 
that they have not benefited fully by their experience. 

In this highly technical industrial and military world, the 
engineer is in a unique position to provide leadership. He is 
the man with the facts, the analytical methods, the creative 
mind, It is natural then that many engineers move into 
management jobs. All experienced engineers often need to 
exercise leadership. Some engineers are natural leaders. Each 
of us has probably known at least one man with whom every- 
one likes to work and whose ideas are always well received 
Some analysis of his actions and characteristics may be help- 
ful. Is it his enthusiasm, his genuine interest in others, his 
ability to make others feel important and part of the team, or 
what is it? 

Then, too, we can get some help from reflecting on our own 
emotional reactions to the specific acts of others. What are 
the things that have made us feel good towards someone and 
want to go out of our way to cooperate? 

This type of reflection leads to the conviction that there 
are some general rules of good practice in human relations. 


RULES OF GOOD PRACTICE 


Before we attempt to state any rules, let’s consider a few 
problems. Some feel that rules cannot be made for dealing 
with people; they are impressed with the great differences in 
personalities, forgetting that there are many wants and re- 


An engineer is 
not just @ 
man of facts 
and figures... 





..he must 
also deal 
extensively 
with other 
people. 
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actions common to all. Other peopl feel that there is some 


thing basically dishonest about patterning their behavior 
after a standard set of rules. This would be true for those who 
could not learn to apply the rules naturally and with com 
plete sincerity. For example, offering a forced or undeserved 
compliment to an associate frequently leaves both of you 
with a bad taste. Recognizing that the compliment is unde 
served, he is suspicious of your motives; by the same token 
your cons¢ ience bothers you for being dishonest. On the other 


a\\e 
. uF 


Develop a 
friendly, 
sincere 
attitude toward 
others. 





hand, a deserved compliment, sincerely delivered, improve 
attitudes on both sides; and how often we overlook a chance 
to give that sincere « ompliment Deve loping a genuine inter 
est in others makes it po ible to do these things naturally and 
sincerely 

his implies that, while general rules for better human rela 
tions can be laid down, each person must adapt them to his 
own personality and character in applying them 

With sincerily as the keynote the following rules are offered 
to be tested against your experience 


in all the people with whom 


I irst, develop a warm iniere 


you deal. People respond to genuine interest in themselves, 
their work, their familie their hobbu Moreover you bene 
fit substantially too—not only by acquiring broader interest 
but also by the personal satisfaction gained. When this warm 
interest in people becom habit, any individua ubcon 
sciously applies a great many etlective techr qyue n dealing 
with others 

\ feeling of importance isa Strong human want most ol u 
Iherefore if we recognize that the other fellow mportant 
and make him feel thal wa vithout resorting to cere 
techniques—a_ receptive tt ( ( re t. Little 
things—like remembering his name, a sincere ym pliment 
or an expression of conhidence help bring the ther perso 
close. Too often we overlool lorget these portant 
things in daily contact 

Be enthusiastic. knthusia contagious and rire 
others to yreater eliort loo ofte ent isiasn i 1 
hind a cloak of ophist ito even thoug nward v¢ 
feel highly enthusiastic Alo these ( p f t! 
remembering is that wit! me people a crit i} attituae 
indication of interest that can be turned » enthu m 

Maintain a positive a ide. Engineers must be 
and critical of error, but th uso have to vet things done 
Others respond much better when things are put in po ( 
terms. By taking the po tive approas we help oursel ve 
well as others to find the be er 

Give others a challenge. I f inspire i] mot te 
people to their highest eflor People usually re pond t 


their best when they 












Cold scientific analysis I) | 
is @ poor substitute | ' 
for warm 

human 


interest... 





When faced with a difficult problem, a challenge may whet 
the imayination or kindle desire for achievement 

Many additional rules could be devised. A few might be 
et the other tellov ive lact ult with other and show 
respect lor their idea We should not attempt an all-inclusive 
et ol rut lorhuman relations is an art, notan exact science 


Also, a cold entific anal 


in interest in the other tellow 


ol personality 1s a poor substi 


tute lor 4 warm hut 


lo some, the rules outlined here may represent too mild an 
approach, not suitable for all case (ne engineer ha iv 
vested three approach to dea ny with other 

1. The personal interest approac! 

. The objective, or impersonal, approach 
ado it or ¢ ‘ ipproach 


6 far in this article only the first has been discussed. The 


objective approach can be used in many daily contacts where 
the other perso ilready interested and is ready and willing 
to do what is right. It may also be useful to us at those time 
hen there danyger of losing control of our emotion \t 
tine one ¢ engineer says tie tried to vet this objectiy 
! 1) { king How will thi tuation look to me a week 
from now alter things have cooled off 
Phe “hardboiled” approach one an engineer should need 
rare for he is usually dealing with reasonable people But 
i rare cast ou may encounter a person o ruthie that he 
not respect you until he is shown that you will not be 
tepped on or ignored. Often we misunderstand another 
motive ( we know him very well, hence the other fellow 
hould be given the benetit of the doubt 
lhe hardh ed ipproach as a mean of driving peop 
throu pre ire or lear is poor motivation, especially when 
lealing | reative peopl Resentment or tear of tailure 
tend to bit creat e thought ind distort udgyment 
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Interest in the other fellow and consideration of his ideas 


lo not weaken your position nor make you any less forceful. 


Actually an atmosphere of free interchange of ideas helps to 
gain cooperation and support. If by listening to the others 
you learn something, and occasionally admit to a mistake, 


people will respect you for an open mind, 
COMMUNICATIONS 


One important aspect of human relations is the much dis- 
cussed subject of communications. What and how much to 
communicate up and down the line are worth considerable 
thought, but most important is the subject of how lo communi 
cale. Engineers have a problem common to any specialist, that 
of ‘‘talking the other fellow’s language.” The engineer must 
put himself in the other fellow’s place to find the concepts and 
the words to put his technical ideas across. This applies 
whether he is talking to the shop man or the manager. 

Phe art of listening is also an important part of good com- 
munications; it forms the “feedback.’’ The response of the 
other fellow must be sensed in order to regulate and guide our 
own expression. Observing his voice and expression, as well as 
his words, places us in a much better position to control the 
ituation than if we just plunge ahead blindly with our own 
thoughts and feelings. This sensitivity to others’ feelings is 
one of the basi points of the human relations skill and is 
worth cultivating 
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Part of good communications is effective presentation 
engineers are already good at logical thinking and organiza- 
tion, but not always adept at expression or salesmanship 
t proposition or making a request is really an at- 


i mypt to | our ideas and ourselves 


Here 1 sequence OF a chee k list to help uS Organize our 
ougnt ind actions 


1. Gel a receptive mood. It’s often worth a few minutes time 


to get the other fellow in the proper frame of mind 


Occasionally you find @ person who 
won't respect you unless 
you get hardboiled . . . 
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The art of listening 
is an important 
part of 
communications... 


2. Get allention. Start in an area of mutual interest, related 
to the proposition. 

3. Build interest in the subject. State the subject clearly and 
show him why he should be interested. 

+. Build desire. Appeal to his wants, and to his principles, 
to his reason, and to his emotions. If you can, dramatize with 
a human interest story (to the point), and lead his imagina- 
tion. But use judgment, don’t oversell. 

5. Leave a clear understanding of what is to be done. Get 
him to state what he will do, summarize it yourself, or give a 
command—whichever the situation demands. 


LEADERSHIP 


Leadership is one phase of human relations in which every- 
one is interested. There is a good deal more to leadership than 
just getting along with people, being persuasive, and having 
good communications—although these are certainly a part 
Integrity is obviously a most important quality of leadership; 
but there are other qualities of an effective leader 

Respect of the group. People like to be led, but they want 
their leader to have at least one strong point—such as 
ability, or diplomacy, or courage. Whatever the quality, it 
must be something that other people recognize. No one should 
hesitate to stress his own strong points; however, this neces 
sitates greater amounts of tact, diplomacy, and understand 
ing. Make your good points show, but not to the point of 
being overbearing or inconsiderate 

Willingness lo lake responsibility. Again, others are usually 
glad to let you take the responsibility if you demonstrate the 
ability and the willingness, without being over-eager or 
reaching far beyond your ability. 

Ability lo creale a leam. People like to be a part ol a good 
team. You as the leader have to demonstrate your interest in 
the group as a team and let them know what you expect of 
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them as part of your team in accomplishing the objectives olf 


the group 

Competition with another group tends to build team pirit 
but it can also work against cooperation. Competition with 
the accomplishments of another firm in the same field or with 
your own previous re ord is excellent 

Ability to correct faulls tactfully, without discouraging 
others. No one likes criticism, but most people will accept 
correction, in private, if you display understanding and are 
just In your comments 


Devotion lo the cause. It be evident that you believe 


in your stated objective then your ex imple will be a major 

factor in motivating other knthusiasm is contagious and 

perseverance provides stability in time of difficulty 
Intellectual courage In engineering leader hip, you must 


face all of the stubborn fact 


weigh the risk of the unknown 
and make a decision. People respect and will follow an engi 
neer who has a purpose and tpn ind the courage to ict on 


his convictions 


CONCLUSION 

To make the most of eir technical abilitse engineer 
need to be effective in dealing with people The keys to 
actual improvement are sincerity and practice. This involve 
remembering to do something about it at every opportunity 
“Get interested in the other fellow is an important objec 
tive. A warm human interest assures that our attitude toward 
him will be right his interest will help to open the door 
to better communication and it bring to mind the other 
techniques that can contribute to effective dealings with him 
Serious effort to improve our human relations is worth 
while. To be more effective on the b to have our idea 
more readily accepted ane r counsel more eagerly sought 
these objective vari ! ( est effort it any man. ® 


Leadership requires 
the ability 
to build 
teamwork... 













Motocylinders 





P. A. RABIDEAU 


Consulting and Application Er 
Westinghouse Electric Co 
Detroit, M gal 
* A moto der can be used on most machines where re 
ciprocating motor required iitably applied it can per 
form functions that are now be ig done with pneumati and 
hydraulic cylinder lor ¢ ample in the automotive industry 
motocylinders can be used on ittle-transfer mechanism 
welding presses, and numerous transfer and indexing device 
A motocylinder is an electric-motor driven, geared thrustor 
Tl imple elt tromechanical device consists of an electr 
motor driving the ’ peed nait ol a gear unit; a cran} 
irm on the ) per lo tput shalt of the gear ul t impart 
reciprocat ! mn to the driven machine. Limit switche 
operated | the crank ar pro de the nece iry intellige 
for Lop] | tarting thel to nder it a ce ired p 
tio If me il braku desired, a dis type brake 
flanve mo ed to the motor. A motocylinder with a ( 
mo ted ( brake ( I ibove 
{ KE et I l pre operatio! the I 1< 
tarte { ed ever e ol it vy clutches be 
twee ( | ome ad I ( olatl to 
der are: (1) Only ele power is required for complete ope 
{ { ( | ri { pecome I r ¢ 
mport é elect of t type of drive. In most é 
the ( ( 1 esi ( motor ce 
Ldopte TO pp th possible leak ‘ 
I} | re require Likewise | I SSE 
1] ( re | » not | ble 5 ( y e time 
to 1200 operations per hour are realistic. T] duty c' 
po byle hy r thie motocy 1eT not dependent 
tem pre re build ip 1) Inherent advantages of 
harm I re ay bie wit the resulting e wv 
velocit rve the load | type ol system | \ 
maintenance because ol the mpile ¢ ectromechanica cheme¢ 
and u I ited contro required Solenoids are not re 





Typical motocylinder with 
flange-mounted brake, crank 
arm, limit switches, and 
adjusting cams. 


la- basic horizontal motion 
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Fig. 1. Basic operation of a motocylinder. 





juired tor operation ot tl drive. (6) The motor returns elec- 
trical power to the power sy stem during a portion ol the cycle 


period. (7) Both electric and mechanical braking can be used, 
















with electric braking having the advantage of lower mainte 

ince and easy adjustment. (8) Because of the simple control, 
the! | der can easily be interlocked with existing con 
tro ( ( 

The moto nder was originally developed for the lumber 
nd Ur the Pacific Northwest to replace costly steam and 
Lir < el While team cylinders exert a large thrust for 
their ea cost, they are very wasteful of steam. This 

te v mportant in the past when a large quantity 

iilable for fuel. However, in recent years this 
ti been reclaimed for more productive uses; thus the 
pl lage ol stean cylinders disappeared 
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MOTOCYLINDER OPERATING CHARACTERISTICS 


The motocylinder has two basic motions; loads can be 
moved in a vertical plane and in a horizontal plane. Any 
configuration other than these basic motions is a combination 
of the two motions. In any case, load velocity follows a modi- 
fied sine function; load acceleration follows a modified cosine 
function shown in Fig. 3. Load accelerating periods are always 
from 0 degrees to 90 degrees, and 180 degrees to 270 degrees; 
load decelerating periods 90 degrees to 180 degrees, and 270 
degrees to 360 degrees crank rotation. 

A feature of this drive is that during deceleration the load 
may be overhauling the motor, so that power is returned to 
the system, resulting in a net power saving. 

For horizontal movement, power is returned to the power 
system during the decelerating periods only if the friction 
load is small, because of the counter torque required from the 
motocylinder. 

For vertical motion, the initial decelerating counter torque 
(90 to 180 degrees) is aided by the gravitational force of the 
load so that little if any power is returned to the system when 
the load is raised. However, when the load is lowered (180 to 
360 degrees) the drive must exert counter torque continually 
and power is returned to the power system during the com- 
plete lowering period. Consequently, load motion is slowed 
down by this generating action and load braking, whether 
mechanical or dynamic, need not be applied until the last few 
degrees of crank rotation. Thus, when most of the braking is 
done by the motor, size of the braking system can be kept to 
a minimum. 

The motocylinder drive is a 1200-rpm NEMA Design-D 
hoist-type induction motor, totally enclosed and non-ven- 
tilated, with a minimum pull-out torque of 275 percent. For 
comparison, speed-torque curves of the conventional NEMA 
Design-B and NEMA Design-D motors are shown in Fig. 2. 

The high-torque capabilities of the NEMA Design-D motor 
provide rapid acceleration of the motor rotor. Because of 
the crank motion, the inertia of the motor rotor and the 
inertia of the load are not accelerated at the same time. Little 
load inertia is reflected to the motor during initial motor accel- 
eration, and the motor is up to speed in a few degrees rotation 
of the crank arm. Hence, motor accelerating and decelerating 
losses are kept to a minimum. With the high torque available, 
the drive can be jogged through the 90-degree portion of the 
load cycle where maximum motor loading exists. 

Another feature of the NEMA Design-D motor is its in- 
herent capability of starting and stopping more times a min- 


Fig. 3—-Load velocity and acceleration curves for a motocylinder 
which is stopped at the 180-degree position. 
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ute than the NEMA Design-B motor. This gives the Design- 
D motor a decided advantage in applications where the maxi- 
mum number of cycles per minute is critical 

Two types of braking can be used with the motocylinder; 
the conventional disc-type friction brake, which is flange 
mounted to the motor, or dynamic braking 

Mechanical braking should be used where an overhanging 
load when the drive is stopped would cause the system to 
creep. Of course, the disadvantage of this method is the 
maintenance required by the brake and the addition of brake- 
drum inertia to the system, generally reducing the available 
cycles per hour. When mechanical braking is applied, only 
a conventional motor starter interlocked with the motocylin- 
der limit switches is required 

Dynamic braking consists of removing the a-c voltage 
from the motor and applying direct current to two motor 
windings. This causes the motor to act as a generator, which 
is loaded by the induced current flowing through its squirrel 
cage rotor winding. The amount of braking is determined by 
the magnitude of direct current applied. A speed-torque brak 
ing curve for an NEMA Design-D motor is shown in Fig. 2. 
With dynamic braking, no mechanical parts are added to 
motor-cylinder and more cycles per hour can be realized, but 
braking torque is absent at zero speed 


MOTOCYLINDER APPLICATION 


An excellent example of a vertical-motion motocylinder 
application now in service is a press welder for welding a 
multiplicity of automotive parts (Fig. 5). Operation of the 
press welder is similar to a conventional press except the press 
is stopped in the Up position. The part to be welded is placed 
in the fixture on the platen while the machine is in the Down 
position. The operator initiates the cycle by pushbuttons, 
the motocylinder crank arm rotates 180 degrees, and the drive 
is dynamically braked to a stop. The welding guns are brought 
out automatically and the part welded. Once the weld is 
made, the weld timer signals the motocylinder control and 
the platen is returned to the Down position where the welded 
part is removed. This press welder is capable of operating 
1200 cycles an hour. 

Dynamic braking is used to good advantage in this appli 
cation. The press welder is designed so that when it is in 
the Weld position the mechanical linkage has an overcenter 
feature; this prevents the downward force of the welding 
guns from rotating the drive without the use of a holding 
brake. Also, this type of linkage does not have accurate 
stopping requirements 


Fig. 4—Dynamic braking control, which applies direct current 
to the windings of an induction motor for stopping 
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Fig. 5a A motocylinder-operated press welder. Motocylinder is 
b) Simplified press 





five horsepower and uses dynamic braking 
welder diagram. Vertical reciprocating motion is imparted by 


motocylinder-mounted cams and a mechanical knee system 













Fig. 6 Diagrammatic sketch of a motocylinder-driven transfer 


table. Motocylinder operates through a rack-and-pinion system 


q motion > 


LIFTING DEVICE 

















LIFTING DEVICE 







MOTOCYLINOER L- prtss stanos —> 








TRANSFER TABLE \y 7 \ : 
SE A = = 
RACK AND PINIONS —___— 2 4 
Go 
WT 
Tr 4 





\n example of a motocylinder operating in a horizontal 
plane is a transfer machine, which transfers clutch covers 
between press operation (Fig. 6). The motocylinder drives 
the transfer mechanism through a rack-and-pinion system, 
which produces horizontal movement of the machine. On the 


forward stroke the clutch cover is transferred into the entry 


ide ol a pre 


the return stroke is completed, the clutch cover is removed 


After the stamping or drawing operation and 


from the opposite side of the press and transferred to the 


next press on the following forward stroke. A conventional 
disc-type brake was used on this motocylinder because the 

tem requires holding torque at zero speed 

The size motocylinder required for a typical application 
can be illustrated for a shuttle-type transfer machine used 
lor transierring engine blocks in a broaching operation (Fig 
7). The total weight to be indexed is 10 000 pounds, which 
produces a horizontal friction force of approximately 2000 
pound The cycle is as follows: the loaded forward stroke 
transfers the load in one and one-half seconds; the drive 
remains at rest for two seconds while the dogs are retracted; 
the unloaded return stroke is made in one and one-half sec- 
onds; and the final dwell time is four seconds while the ma 
chining operation is performed. The complete cycle time is 
nine seconds, which provides 400 operations per hour. The 


rating of the motocylinder to accomplish this is seven and one 


half hor epower 


Only a brief outline of the method of approac h for obtain 
ny this motocylinder drive rating will be given here. The 
drive rating for any motocylinder must be chosen to satisfy 
requirements. First, the torque required by the load 
hould not exceed 250 percent ol the full-load rating of the 
motor; and second, the motor frame must be capable of dis 


pat he heat losses for a given duty cycle without ex 


ceeding it 


rated-temperature rise. In this case, a maximum 
torque of 44 foot-pound encountered, which requires a 


e shown that a 


rating ol five horsepower, or! better. It can | 
714 hp motor with class B insulation (75 degree C rise) would 
ifficient heat-dissipating capacity for the engine-block 
transfer machine described. Dynamic braking would be ap 
ipplication because of the absence of load at 


motor nder makes possible new and effective meth 


ods for powering high-duty cycle machines in the automotive 

dust! | most applicatior 5 requiring rec Iprocating or OS 
cillating for f motion the motocylinder is a versatile drive 
that « he ¢ applied. It is simple in operation, has low 

intel e, requires only one source of power and provides 
the ad tages of simple harmonic motion, Cycle times up to 
1200 operations per hour are realistic with a minimum con 


] 


iption of power and low investment cost. ® 





Fig. 7. Diagrammatic sketch of a typical shuttle-type transfer 
machine for pushing blocks in a broaching operation. 
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@ (. W. Upton came to Westinghouse with a 
BSME from the University of Pittsburgh in 
1947. World War II interposed 31% years of Air 
Force service into his college education, two of 
which were spent in “hibernation” (we quote 
Mr in the Aleutians. He 
discharged a Captain 

After six months on the Graduate Student 


Upton directly was 


Course, Upton joined the disconnect switch 
section of the Switchgear Division, and worked 
In 1954, he 


was made Supervising Engineer on switches 


on outdoor switching equipment 


two years later, he became Section Manager of 
the 


section. Upton is an appropriate author for the 


disconnect switch and outdoor substation 


SF, load-break switch and grounding switch 


article in this issue—he helped develop the 


former, and is co-inventor of the latter 


eR 
During most of the 


Wright joined Westinghouse in 1943 
time he has 
Among others, he 


worked on 


circuits of kinds 
worked out the circuits for the Westinghouse 
chest unit, and the Fluoradex 


**500.”’ Some three years ago he was assigned to 


various 


Survey X-ray 


improve supervisory instruments for steam 
turbines; his article indicates part of his efforts 

Away from work Wright is busily engaged ir 
trying to keep up with his three vigorous sons 
who range from Bobcat Cub to Eagle Scout 
The boys have him working as a PTA Vice 


President and as a scout leader 


@ When B. P. He 
farm electrification he is on particularly 
Raised 
Ohio, he earned 
Ohio State 
years of work he 
BEI 


(Juite 


writes of any phase of 


solid 
farm in southwestern 
BS in Agriculture 
University in 1922. After a few 


returned to school and got hi 


ground on a 


his irom 


in 1930, and joined Westinghouse 
naturally, Hess helped form a Rural 
Electrification Department after leaving the 
Student He has had a part 


Graduate (Course 


in that activity ever since 


At present, as a member of the Industrial 
Sales Department, Hess handles farm resale 
and the food, glass, and ceramic industries. He 
is an avid gardener, and a past president of the 
Me Garden Club of Pittsburgh; also, he ha 
been active in the American Society of Agricul 


tural Engineers since 1922 


@ Both of the authors of the d-c motor article 
C. B. Hathaway and F. | 
played a part in the 
machine. As far a 
the 


concerned witt \ 


S pindler nave 
development of the ne 

Hathaway is concernes 
latest of mar d-c designs he has beer 
late of Ohio State 


to Westinghouse 


Engineering Desigr 


grad 


University, he came directly 


He was selected to attenc 






Personality 
Profiles 


C. W. Upton @ RL. Wright @ B.P. Hess @ C. B. 


Hathaway and F. E. Spindler @ G. Marieni and 


W. Stepanuk @ L. A. Kilgore and V. B. Baker @ P 


A. Rabideau 


School, and after completing it, went to work in 


the d-c design department. His entire service 


with the company has been in d-c design, so he 
is eminently qualified to write on the subject 
While Hathaway’s principal hobby is photog 
raphy, he has recently acquired a new one 
sembling 


lor 


Having obtained several kits for as 


testing units, he now is waiting patient 
the 
his hand at repairing it 

Spindler 


with a BS in 


television set to break down so he can try 
a University of Colorado graduate 
EE in 1948, also came directly 
Student Like Hath 


was selected for De sign hool, which 


to the Graduate Course 
away, he 
he completed before getting his first permanent 
After this 


Industry 


assignment he joined the transpor 


tation section of Engineering, where 


he dealt with diesel-electric locomotive applica 
tions and special studies ranging from future 
military vehicles to railroad maintenance prac 
In 1952 


the University 


degree at 
the West 
195 


he earned his master’ 


of Pittsburgh 


tices 
under 
Evening Study Program. In 
selected to attend Harvard Busi 
where he earned his MBA in 1956 
the 


manager of the Motor Department, where one 


inghouse 
Spindler wa 
ness School 


Since June 1956 he has been assistant to 


of his prime tasks has been work on the ne 
d-c motor 

@ Capsule-version biographie s of Gino Mari 
eni and Walter Stepanuk read quite similar| 
which is perhaps fitting for coauthors. Both 
were in the military service from 1943 to 1946 
both graduated from college and came on the 


settled per 


Division in 


Course in 1951 
Newark Meter 
1952, and both are now Senior Design Engineer 

However 


difference 


Graduate tudent 


manently in the 


closer inspection does reveal some 


which Gino and Walter probab! 


consider quite significant: Marieni was a ma 
rine, and has an electrical engineering degree 
from the University of Missouri (although hi 
home tate Connecticut Stepanut Nid t 


sailor, and has a mechanical engineering degree 
from Newark College of engineering his first 
two year ere spent at Oklahoma Universit 
Back t milaritie both contributes i 
te i to the evelopment ol the me ne 
rela escribed thi uc 
@ In! four previous appearances in the 
ENé EES / 1 Kilgore ha Written about 
large omplex machine giant motor i 
generat n particular. This time he a 
author V. B. Baker tackle the eve wre 
plex ect if 4 relat While neitl 
the ofe f e expert this field. the 
vere urge “ e lor ( ful ce ‘ 
on th ect « cte the ivisi 
i 4 ative of Nebraska, came t 
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